reserve stock 




■ Q 

© The Complete Worh 




arles Darwin Online 



CAMBRIDGE UNIVERSITY LIBRARY 

Thit book mytt bo roturnod on or boforo th« 

Uit dmto tUmpod bolowp uiilm pravrouily 
rocRilod. FInot ir« Incurred on overdue book*. 

(See t/nbfei-i^ty Ord^noncet) 










rAfelED 






CANOEya* 






JaIeosS- 


r ■ ■ ■~in 












?0£7iW18. 


















1 




ij i r jJNv^ 


I 

















The Complete Work of Charles Darwin Online 





© The Complete Work of Charles Darwin Online 



DARWIN AND MODERN SCIENCE 




© The Complete Work of Charles Darwin Online 



CAUBRIDGE UXtVKELSlTV Pltm 
Iffntoi: FItTTHH JJim, E.a 
(X K. CLAYp Manachhi, 



m, JtTKKItT 

A. AKU OCK 

1^, k. hi^-iciLMEit 
I^mI: tUKH 

#«-M| to UacVILUN AKl^ DO« Lm. 




i^Ai£i riTHrrildr 



© The Complete Work of Charles Darwin Online 



© The Complete Work of Charles Darwin Online 




iiKf. I 



frtmt tf iy U 6 ^'*■W . 






© The Complete Work of Charles Darwin Online 




'■ fa 

DARWIN AND MODERN SCIEN' 



. ICSSAYlt IN COMMEMORATION OF THE CENTENARY 
O* TH> BIRTH OF CHARLES DARWIN AND OF THE 
FI^TDTH ANNIVERSARY OF THE PUBLICATION OF 
THE ORIGIN OF SPECIES 



imtTtD rO> ritt CAMlWim#!. PHtLOSOmUCAL SOCIETY 
TM* ftV MDICS Of T«i t'NlVElStTV PRESS. 



i T 



I 




A. C. SEW ARD 

<if «n«xr m ii» in*iv*«>frr 
)»«' ttfuAMivga. touM« 



:!»• 




Cain bridge : 

at the University Press' 



© The Complete Work of Charles Darwin Online 




^ /m-C- 



rtwi^ /Wj4 




© The Complete Work of Charles Darwin Online 



d^o. c.. ftf 



DARWIN AND MODERN SCIENCE 



ESSAYS IN COMMEMORATION OF THE CENTENARY 
OF THE BIRTH OF CHARLES DARWIN AND OF THE 
FIFl'IETH ANNIVERSARY OF THE PUBLICATION OF 
THE ORIGIN OF 

kditeh, for the cammidcf fhilosopiucal SOCIETV 
AND THE aVNDiCS OF THE L’NIVERSITY PRESS, 



flV 



A. C. SEWARD 



PkGFJ^SDJi OF BOTANY IN THK ONliV JcR&lTV 
HONORARY PlU,OW OF HMMANUEL COLLP.Gl 




Cambridge : 

at the University Press 

1909 



© The Complete Work of Charles Darwin Online 



n[j tbH iiuui of aHCioiit^Op wliatovijr tlm 

may huvo aiiioiiitiod lai£H Ijdoti dut^rtiiiii^d, iih far 
1114 1 can JiulgOp by oomplox and divc^r^ificKl mDiital 
tluaUtici4 and ooiKlitioiiN. Of tlicKo^ tho mcsit im[>orH 
bmt liavo biK>ii — tho lovi.^ of Miduiice — inilamndod 
])Hii€iico ilk lon^ roflodJii^ovur any Hobjcct — iiidiihitry 
in oliNoi^ving imd c^dlixd.iog fULCta — ami a fair Niinru 
of ikiwtiilon m wtdl m of common jwohc. With midi 
mcMlomio abilities an I it m truly i^urpi'i^ing 

tJuU. 1 iiliotilcl liarc iiiFliiciiDotl to a cQii»idcmbto 
extent tlie lioliefof luueoltriQ men cm koiiic im]Miriatit 
IxdiitK" 

Aii(otH(igrmp|»jr (lasi); TAfl awd Lpffrrt tifCharlz-i 



Vet l ]>. 107 . 




© The Complete Work of Charles Darwin Online 



I>1UCI«'ACK 



AT tlitj t>f liw tliu 

Byiulicrt af tlio ITiiivci'Hlty Prut^n <li]ddcit in Mmx;}i^ to 

for tliO |iiiSiliciitinii of u K^trioK of in ooininoiiionitiun 

of tli<! CtsntAiiiary of tlio birth of Ctiai lcH l^iirwin and of the Fiftieth 
nnniverKtnvv of the puhlication of Thr Ori^fm <>/ The pre- 

liminary arrEOigemenlH ^ere umh l^y H eominiiieo eoiiMiKting of the 
following i^^jn’CHtittattivcK of the Cotincii of the PhihiHbophieid S4oeiely 
and o( tile PrcHH 8vndjcfiU>: l>r II. It, Andcwin* Pr<jf* liiiicwnij 
Mr Fmiida Darwin, Dr lIobHoii, Dr Murr^ Pivif He<lg%vickp Mr David 
BliariH Mr ShipLeyp Prof. f^orlcVp Plt^^ Seward. Tn tlie coiiiw of Dm 
pre|amiUon of Die vohimoi Uic origiiml i^clieine arid lii^t of initliorH 
have lieeii in<»<)ifled: a few of DiosiO inviietl to csontrilmte cwwayfl w 
for reamiiiM, uiuihje to do mO| and i«ome a1te^Ation^t have liooti 

made in llio tiUtt* of urtidoK For I he m.decCioii of atiUiom iwid for 
lliecbtiieo of KiilyeetR, the coiiniiiUcc arc mainly rcaiN^nHible, but for 
budi hharo of the w^ork in Iho [ire]i:ini|ion of tim rotittnea^ usually 
fallb to the tot of an editor I aceopt full reb[K>iPiibili(y, 

Aulliorb were n^keil to acblrv^^-^ ibeimielvt^ prinwirily to the 
educates 1 LiyiiLEiii mDier than to the ox|icrl It wan lio|ied that the 
imldicatton of tliu e^ayn would nerve the double |mrtKn«e of illua- 
tmting the far-reaching iiifliience of Darwiifs work on the pn^gress of 
kiiowleilge und the present nltilucle of origioal luventigatoni amt 
th inkers towonlK the viewn enilKKlivd in Diirwitrn workm 

In regurti to the inter(iretalion of ii t>awige iti The Orif/in qf 
Species/ ipiutcd on l^ige 7i| it Heeme<l lulvijedjie to luld an cflitorial 
footnote^ but, with thin exception^ I have nut felt it noceftiary to 
record imy op in ion on viewa ntnteil in the et^y^p 
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vi Prefme 

In reading the essays in proof I have availed myself freely of the 
willing assistance of several Cambridge friends, among whom I wish 
more especially to thank Mr Francis Darwin for the active interest he 
has taken in the preparation of the volume, Mrs J, A, Thomson 
kindly undertook the translation of the essays by ProfWeismann and 
Prof Schwalbe \ Mrs James Ward was good enough to assist me by 
translating Prof Bougie's article on Sociology, and to Mr McCabe 
I am indebted for the translation of the essay by Prof Haeckel For 
the tmuslation of the botanical articles by Prof Goebel, Prof Klebs 
and Prof Strasburger, I am responsible ; in the revision of the 
tmnslation of Prof Strasburger^s essay Madame Errera of Brussels 
rendered valuable help. Mr Wright, the Secretary of the Press 
Syndicate, and Mr Waller, the Assistant Secretary, Imve cordially 
cooperated with me in my editorial w^ork ; nor can I omit to thank 
the readers of the University Press for keeping watchful eyes on my 
shortcomings in the correction of proofs. 

The two portraits of Darwin are reproduced by permission of 
Messrs Manll and Fox and Messrs Elliott and Fry, The photogravure 
of the study at Down is reproduced from an etching by Mr Axel 
Haig, lent by Mr Francis Darwin; the coloured plate illustrating 
Prof Weismann's essay was originally published by him in his 
VaHriige iiher Descendenztheorie which afterwards appeared (1904) 
in English under the title The EvoluUon TMory. Copies of this 
plate were supplied by Messi's Fischer of Jeiia, 

The Syndics of the Univei'sity Press have agreed, in the event of 
this volume being a financial success, to hand over the profits to a 
Univei'sity fund for the endowment of biological research. 

It is clearly impossible to express adequately in a single volume 
of Essays tlie influence of Darwin's contributions to knowledge on the 
subsequent progress of scientific inquiry. As Huxley said in 1885 : 
Whatever be the ultimate verdict of posterity upon tliis or that 
opinion which Mr Darwin has propounded ; whatever adumbrations 
or anticipations of his doctrines may be found in the writings of his 
predecessors; the broad fact remains that, since the publication and 
by reason of the publication of The Origm of Species the funda- 
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Preface vii 

mental conceptions and the aims of the students of living Nature 
have been completely changed*.,, But ttic impulse thus given to 
scientific thought rapidly spread beyond tlie ordinarily recognised 
limits of Biology, Psychology, Etliics, Cosmology were stirred to 
their foundations, and The Origin of Species proved itself to be the 
fixed point which the general doctrine needed in order to move the 
world/' 

In the contributions to this Memorial Volume, some of the authoi’s 
have more especially concerned tliemselves with the results achieved 
by Darwin’s own work, while othei^ pass hi review^ tlie progress of 
research on lines which, though imknowm or but little followed in his 
day, are the direct outcome of his work. 

The divergence of vie>vs among biologists in regard to the origin of 
species and as to the most promising directions in which to seek for 
truth is illustrated by the different opinions of contributors. Whether 
Darwin's views on the operandi of evolutionary forces receive 

further confirmation in the future, or whether they are materially 
modified, in no way affects the truth of the statement that, by employ- 
ing his life ^^in adding a little to Natural Science," he revolutionised 
the world of thought, Darwin wrote in 187^ to Alfi'ed Russel Wallace : 
“How grand is the onward nish of science: it is enough to console ns 
for the many en’ors which we have committed, and for our efforts 
being overlaid and forgotten in the mass of new facts and new views 
which are daily turning up/’ In the onward rush, it is easy for students 
convinced of the correctness of tlieir own views and equally convinced 
of the falsity of tliose of their fellow-workers to forget the lessons of 
Darwin’s life. In his autobiographical sketch, he tells us, “I have 
steadily endeavoured to keep my mind free so as to give up auy 
hypotliesis, however much beloved,.. as soon as facts are shown to be 
opposed to it” Writing to Mr J, Scott, he gays, “It is a golden rule, 
which I try to follow, to put every feet which is opposed to one's 
preconceived opinion in the strongest light. Absolute accuracy is the 
hardest merit to attain, and the highest merit Auy deviation is 
ruin. 

He acted strictly in accordance with his determination expressed 
in a letter to Lyell in 1844, “ I shall keep out of controversy, and just 

a 5 
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viii Preface 

give my own facts.'* As was said of another son of Cambridge^ 
Sir George Stokes, “He woiild no more have thought of disputing 
about priority, or the authorship of an idea, than of wntiug a 
report for a company promoter/' Darwin's life affords a striking 
confirmation of the truth of Uazlitt's aphorism, “Wliere the pursuit 
of truth has been the habitual study of any man's life, the love of 
truth will be his mling passion." Great as was the intellect of 
Darwin, his character, as Huxley wrote, was even nobler than his 
intellect 

A. C. SEWARD. 



Botany J^oiiool, Cambridge, 
March 20 , 1909 * 
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DATES OP THE PUBLICATION OF CHARLES DARWIN'S 
BOOKS AND OP THE PRINCIPAL I5VEN1'S IN HIS LIFE 



1809 Charles Damiit bom at Shrowsbui^v February 12. 

1817 “At SJ years old I wont to Mr Casons school/' [A day'sehool at Slirowsbury 

kept by the Rev. G. Casc^ Minister of the Unitarian Ctiape!.] 

1818 “I was at school at Shrewsburj' under a great scholar, Dr Butler; I leamt 

absolutely nothing, except by amusing myself by reading and experimenting 
in Cheniiatry." 

1825 1 was doing no good at school, my father wisely took me away at a rather 

ear!ii?r sige than usual, and sent hie (Oct 1825) to Edinburgh University 
with my brother, where I stayed for two years.'^ 

1828 Began residence at Christ's CoUege, Cambridge. 

1 went to Cambridge early in the year 1828, and soon became ac<|uainted 
with Professor Henslow...,NoUung could be more simple, cordial and unpre- 
tending than the encoumgemont which he afforded! to all young natuniUsts." 
“ During the tlineo years which 1 s{)cnt at Cambridge my time was wasted, as 
far as the academical studii^ were concerned, as eonipictely as at Edinbuigli 
;ind at scliooL" 

“In Older to jiass tlio B.A. Examination, it was...nocossary to got up Paloy's 
* Evidences of ChrisUanity/ and his ^ Moral Philosophy/.,, The careful study 
of these works, wiUiout aUempting to learn any |iart by rote, was the only 
part of llio academical course which. „was of the least use to mo in tiie 
education of my mind" 

1831 Passed U»o examination for the B. A. decree in January and kept Uie following 
terms, 

gained a good plaoo among Uie weXXot or crowd of men who do not go in 
for honoura.^ 

“1 am very busy,... and see a great deal of Hcnslow, whom 1 do not know 
whetlier I love or ro»i>eet most'^ 

Dec. 27, “Bailed from England on our circumnavigation ” in .B^ a 

barque of 235 tons carrying 6 guns, under Capt. FitxKoy. 

“ There is indeed a tide iu the aflalrs of men.* 
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xiv Epitome of CliaHen DarvAn’s Life 

1836 Oct 4» Reached Shrewsbury after absence of 5 years and 2 days,” 

You eaunot imagino how gloriously deUghtful my first rtsit waa at home ; it 
was worth the iMmishmeut^ 

Dec. 13. Went to live at Cambridge (Fltiwilliani Street). 

“ The only evil 1 found in Cambridge was its being too pleasant” 



1837 “On my return home [in tlie Beanie] in tlie autumn of 1836 I immediately 
began to prepare my journal for pubtication, and then saw how many facta 
indicated Die common descent of species.... In July (1837) I opened my first 
note-book for facts in relation to the Origin of Species, about which 1 had 
long rcfiected, and never ooased working for the next twenty year&.. llad 
hccii greatly stnick from about the month of previous 3iarch on character of 
South American fossils, and s|>eeiea on Galapagos Arciiipelago. These facta 
(especially latter), origiji of all my views.” 

“On March 7, 1837 I took lodgings in [36] Grcftt Marlborough Street in 
London j and remained there for nearly two years, until I was married.” 



1838 “In October, that is fifteen month a after I had begun my systematic 
enquiry, I happened to read for amusement * Mai thus on Population/ and 
being w'cll prepared to appreciate the struggle for existence which evory- 
where goes on from long*con tinned observation of Die habits of animals 
and plants, it at once struck me that under those eircum stances favt>urable 
variations would tend to be preserved, and unfavourable ones to he 
destroyed. The result of this would bo the formation of new ai>eeics. Here 
then I had at last got a theory by which to work ; but I was so anxious to 
avoid prejudice, that I determined not for some time to write even the 
briefest sketch of it” 



1839 Married at Macr (Staffordshire) to his first cousin Emma Wedgwood, daughter 
of Josiah Wedgwood, 

“ 1 mand at my good fortune that she, so infinitely iny sui)orior in every single 
moral quality, consented to be my wife. She has been my wise adviser and 
cheerful comforter throughout life, which without her would have been 
during a vci^ long period a mfsemblo one from ilMioaltb. Slie has earned 
the love of every soul near her^^ [Autobiography]. 

Doc. 31. “Euter^ 12 Upi)er Gower street” [now lio Gower streeti London], 
“ There never ivas so good a bouse for me* and I devouDy trust you [Ins future 
wife] uill approve of it e-quany. The little garden is worth its weight in gel A” 
Published Journal and being Vol iii. of the Narralipe qf ihe 

Purveying Voyage qf Adrenture and 

Publication of the Zmhgy of iAe Voyage qf BeagU^ Part u., Mam~ 

^nalia^ by G. R. Waterhouse, with a Notice of their and rangee, 

by Charles Dai'win. 



1840 Contributed Geological Introduction to Part L {Foenl Mammalia) of the 
Zoology qf the Voyage qf Beagle by Richard Owen. 
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XV 



Epitome of (Jharles Darwin's Life 

1842 June 1S42 I first alJowed my«df tho satisfaction of writing a very brief 
ai>stract of my [species] theory in pencil in 35 pi^es; and this was enlarged 
during tho stnumer of 1844 into one of 23Q pages, whicli 1 had fairly copied 
out and still [1876] possess I” 

SepL 14. SotUed at the village of Down in Kent. 

‘‘ I tliink 1 was never in a more perfectly quiet country.*^ 

Publication of The Shntelure and DiHribiUimi qf Cortd Re^t ; being Part I* 
of the Geohgy of (he Visage of f Ae Bmgh^ 

1844 Publication of Geological OheerxiaAiime on the Folcank Idunds vmted during 

the Voyage qf JI.3LS. Beagle ; being Part IL of tho Geology qfihe Voyage 
qf the Beagle. 

** I think much more highly of my book on Volcanic Islands since Mr Judd, by 
far the best judge on the subject in Kngland, has, as 1 liear, learnt much 
from it’* [Autobiograi)hy, 1876.) 

1845 Publication of the Journal qf Reemrclite as a separate book. 

1846 Publication of Geoiogicai> Obeerealione on South America ; being Part III. of 

the Gmhjgy of the Voyage of tlm Beagle. 

1851 Publication of a Monograph of live Foeml Lepadidae and of a Monograph qf 
the 9id>-€laiM Oirripedia. 

“ 1 fear the study of the CirrJi>cdia will ever remain * wliolly unapplied, ’ mid 
yet I feel that such study is better than castle- building.*’ 

1854 Publication of Monographs of the Balanidao and Verrucidae. 

“ 1 worked steadily on this subject for... eight years, and ultimately published 
two thick volumes, describing all the known Jiving species, and two thin 
quartos on the extinct si>ecies....My work was of considerable use to mo, 
when I had to discuss in tho Origin qf Specks the principles of a natural 
classification. Nevertheless, 1 doubt whether the work was worth the 
consumption of so much time.*’ 

“ From iSeptember 1854 I devoted iny whole time to arranging my huge pile of 
notes, to observing, and to experimentiug in relation to the transmutation of 
species.** 

1856 ** Early in 1S56 Lyoll advised me to write out my views pretty fully, and 
1 began at once to do so on a scale three or four times as extensive as that 
which was afterwards followed in my Origin qf Species f 

1858 Joint paper by Charles Darwin and Alfred Russel Wallace ‘*On the Tendeu(^ 

of Species to form Varieties j and on tho i>erpetuation of Varioties and 
Species by Natural Means of Selection,** communicated to tho Liunean 
Society by Sir Charles Lyell and Sir Joseph Hooker. 

“I was at first very unwilling to consent [to tho communication of his MS. to 
the Society) as 1 thought Mr Wallace might consider my doing so unjustifi- 
ablo, for 1 did not thou know how generous and noble was his disposition.*’ 
July 20 to Aug. 12 at Sandown [Isle of Wight] begau abstract of Species 
book.” 

1859 Nov, 24. Publication of 77*^ Origin qf St>e€ies (1250 copies). 

good heavens, tho relief to my head and body to banish the whole 
subject from my mind !...liut, alas, how frequent, how almost universal it is 
in an author to persuade himself of tho truth of his own dogmas. My only 
ho|>e is that 1 certainly see many diificulties of gigantic stature.” 

^ The first draft of The OHijin of Hp€cU$t edited by Mr Francis Darwin, will be 

published this year (1900) by the Syndics of the Cambridge University Press. 
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xvi Epitome of Charles Darwin's lAfe 

1860 Publication of the socotid edition of the Origin (3000 copies). 

Publication of a Natumlkt^s Vt^yage. 

1861 Publication of the third edition of the Origin (2000 copies). 

am going to write a little book... on Orchids, and to-day I hate them worse 
than everything/^ 

* 

1862 Publication of the book On th^ mrious mniritance^ hg which Orchidi are 

/erlili^ed by 

1865 Read paper before the Linoean Society “On the Movements and Habits 

of Climbing plants” (Published as a book in 1875.) 

1866 Publication of the fourth edition of the Origin (1250 copies). 

1868 ** I have sent the MS. of my big book, and horridly^ disgustingly big it will be, 

to the printers.^' 

Publication of the Varmlion of Animak a^idPlanU unchir Domeeticaiion. 

** About my book, I will give you [Sir Joseph Hooker] a bit of advice. Skip 
the whole of Vol. i, except the last chapter, (and that need only be skimmed), 
and skip largely in the 2nd volumo ; and then you will say it is a very good 
book.’^ 

“ Towards the end of the work I give my well-abused hypothesis of Pangenesis. 
An unverified hypothesis is of little or no value; but if anyone should 
hereafter bo led to make observations by w'hich soni© such hy[>othesis could 
bo established, I shall have done good service, as an astonishing number of 
isolated facta ean be thus connected together and rendered intoHigible.” 

1869 Publication of the fifth edition of the Origin. 

1871 Publication of The Descent of Ma^t. 

“ Although in the Origin of Species the derivation of any particular species is 
never discussed, yet I thought it best, in order that no Itonourabl© man 
should accuse me of concealing my views, to add that by the work * light 
would be thrown on the origin of man and his history 

1872 Publication of the sisth edition of the Origin. 

Publication of The Expreesion of the Efnoii<mt in Man and Animah. 

1874 Publication of the second edition of The Descent of Man. 

“ The new edition of the Deemni has turneci out an awful job. It took mo ten 
days merely to glance over letters and reviews with criticisms and new facts. 
It is a devil of a job/^ 

Publication of the second edition of The Slrmiiire and Dhird>ution of Coral 
Reefs. 

1875 Publication of hue^^imrom Plants. 

** 1 begin to think that every one who publishes a book is a fool** 

Publication of the second edition of VaricUion in Animids a^id Plants. 
Publication of TheMommerdsand Habits (f Climbing as a separate book. 

1876 Wrote Autobiographical Sketch {Life and LetterHy Vol. I., Chap. II). 
Publication of Tits Effects tf Cross and Self fertilisalion. 

“1 now [1881] believe, however,. -.that 1 onglit to liave insisted more strongly 
than 1 did on the many adaptations for self-fertilisation.” 

Publication of the second edition of Observations tyn Volcanic Islands. 



© The Complete Work of Charles Darwin Online 



Epitome of Charles Darwin's Life xvii 

1877 Publication of The Different Forms Flowers on Plants (ff the same species. 
“I do not suppose that I sball publish any more books*,,,! cannot endure 

being idle, but hea?en knows whether I am capable of any more good work,” 
Publication of the second edition of the Orchid book. 

1878 Publication of the second edition of The Effects qf Gross and Self /ertilisation. 

1879 Publication of an English translation of Ernst Krause's Erasmus Darwin^ 

with a notice by Charles Darwin. ** I aui extremely glad that you approve 
of the little *Life’ of our Grandfather, for I have been repenting that 
I ever undertook as the work was quite beyond my tether” [To 
Mr Francis Gal ton, Nov, 14, 1879.] 

1880 Publication of The Po%cer of Mormient in Plants. 

It has always pleased me to esalt plants iu the scale of organised beings.” 
Publication of the second edition of The Different Fomu qf Floieers. 

1881 Wrote a continuation of the Autobiography. 

Publication of The Formation qf Veyetahle Motdd^ through the Action 
of JVorms. 

is the completion of a short paper read before the Geological Society more 
than forty years ago, and has revived old geological thoughts - - - .As far as I 
can judge it will be a curious little book,” 

1882 Charles Darwin died at Dowm, April 19, and was buried in Westminster 

Abbey, April 26, in the north aisle of the Nave a few feet from the grave of 
Sir Isaac Newton. 

“As for myself, I believe that I have acted rightly iu steadily following 
and devoting my life to Science. I feel no rornorse from having committed 
any great sin, but have often and often regretted that I have not done more 
direct good to my fellow creatures.” 



The quotations in the above Epitome are taken from the Autobiography and 
published Letters: — 

The Life and Liters qf Charles Darwin ^ including an Autobiographical Chapter. 
Edited by his son, Francis Darwin, 3 Yols., London, 1887. 

Charles Darwin : His life told in an Autobiographical Chapter, and in a selected 
series of iiia published Letters. Edited by his son, Francis Darwin, London, 1902. 

More Letters of Charles Darwin. A record of his work in a series of hitherto 
unpublished Letters. Edited by Francis Darwin and A. C, Sewai’d, 2 Yols., London, 
1903. 
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INTRODUCTORY LErfER 

PHOM Sir Joseph Dautok Hooker, 

O.M., O.C.S.I., C.B., M.D., D.C.U, LL.D., P.R.S., ktc. 



Tub Camp, 

n-esar 

Jammry 15, 3M9. 



Dear Professor Seward, 

The publication of a Series of Essays iu Commemoration 
of the century of the birth of Charles Darwin and of the fiftieth 
anniversary of the publication of “The Ori^ii of Species” is assuredly 
welcome and is a subject of congratulation to all students of Science. 

These Essays on the progi-ess of Science and Philosophy as 
affected by Darwin's lalxmrs have been wTitteii by men known for 
their ability to discuss the problems which he so successfully worked 
to solve. They cannot but prove to l>c of enduring value, whether 
for the infonnation of the general reader or as guides to investigators 
occupied with problems Biinildr to those wdiich engaged the attention 
of Darwin. 

The essayists have been fortunate in having for reference the five 
published volumes of Charles Darwin's Life and Correspondence. 
For there is set forth in liis omi words the inception in his mind 
of the problems, geological, aoological and botanical, hypothetical 
and theoretical, which he set himself to solve and the stejis by which 
he proceeded to investigate them with the view of correlating the 
phenomena of life with the evolution of living things. In his letters 
he expre^od himself in language so lucid and so little biirtliened 
with technical terms that they may be regarded as models for those 
who were asked to address themselves primarily to tlie eclucated 
reader rather tlian to the expert 

I may add that by no one can the perusal of the Essays be more 
vividly appreciated than by the writer of these lines. It was my 
privilege for forty years to possess the intimate friendship of Charles 

D. 1 
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Dftrwin aiui to be his coaiyouion during many of his working hours 
in Study, Laboratory, and Garden. I was the recipient of letters 
from him, relating maitdy to the progress of his researches, the copies 
of which (the originals arc now in the possession of his family) cover 
upwards of a thousand iwges of foolscap, each page containing, on an 
average^ throe luindrctl woitls. 

Tliat the e<litorship of these Essays has been entrustetl to a 
Cambridge Professor of Eotany must be gratifying to all concerned in 
their production and in their iicrusal, recalling as it does the fact 
that. Charles Darwin’s instructor iu scientific methods was his lifeloitg 
friend the late Rev. J. 15. Uenslow at. that time Professor of Botany in 
the University. It. was owing to his roooinmcudation tJiat. his pupil 
was api>oiutod Naturalist, to U.M.S. a service which l>arwiu 

himself regarded as marking the dawn ofhis scientific career. 

Very sincerely yours, 

J. D. HOOKER. 
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DAKWINB FKEDECESSOKS 

By J, Arthur Thomson. 

Professor of Nalnral History in the University of Aberdeen. 

In seeking to discover Darwin's relation to his predcc<^oi's it 
is useful to distinguish the various services which he rendered to 
tlie tlieory of organic evolution. 

(I) As everyone knows, the general idea of the Doctrine of 
Descent is that the plants and animals of the present-day are the 
lineal descendants of ancestoi's on the whole somewhat simple!', that 
these again are descended from yet simpler forms, and so on back- 
wards towards the literal “ Protozoa " and “ Protophyta" about w^hich 
w'e unfortunately know tioihing. Now no one supposes that Darwin 
originated this idea, which in rudiment at least is as old as Aristotle. 
\\Tiat I>Aiwvin did was to make it cuiTcut intellectual coin. He gave 
it a form tliat commended itself to the scientific and public intelli- 
gence of the (lay, and he won wide-spread conviction by showing witli 
consummate skill that it was an effective formula to work with, a key 
which no lock refused. In a scholarly, critical, and pre-eminently 
fair-minded way, admitting difficulties and removing them, fore- 
seeing objections and forestalling them, he shelved that the doctrine 
of descent supplied a nicKlal iiiterprctatioii of how’ uur present-day 
fauna and flom have come to be. 

(II) In the second place, Darw'iii applied the evolution-idea to 
particular problems, such as t!ie descent of man, and showed what a 
powerful organon it is, introducing order into masses of uucorrelated 
facts, interpreting enigmas both of structure and function, both 
bodily and mental, and, host of all, stimulating and guiding further 
investigation. But here again it cannot be claimed that Darwin was 
original. The problem of the descent or ascent of man, and other 
particular cases of evolution, had attracted not a few» naturalists 
before Darw in's day, though no one [except Herbert Speiiecr in tlie 
psychological domain (1855)] had come near him in precision atid 
thoroughness of inquiry. 

(III) In the third place, Darwin contributed largely to a kno>v- 
ledge of the factors in the evolution-process, especially by his analysis 

1—2 
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of what occurs iti the case of domestic animals and cultivated plants, 
and by his elaboration of the theory of Natural Selection, which 
Alfred Russel Wallace independently stated at the same time, and of 
which there had been a few previous suggestions of a more or less 
vague description. It was here that Darwin*s origin^ity was greatest, 
for he revealed to naturalists the many diiferent forms — often very 
subtle — which natural selection takes, and with the insight of a 
disciplined scientific imagination he realised what a mighty engine of 
progress it has been and is. 

(IV) As an eiK>ch-inarkiiig contribution, not only to ^tiologj' 
but to Natural History in the widest sense, we rank the picture 
w’hich Darwin gave to the world of the web of life, tliat is to say, of 
the inter-relations and linkages in Nature. For the Biology of the 
individual — if that be not a contradiction in terms — no idea is more 
fundamental than that of the correlation of organs, but Darwin's 
most characteristic contribution was not less fimdamental,— it wm 
the idea of the correlation of organisms. This, again, was not novel ; 
we find it in the works of naturalists like Christian Conrad Spreiigel, 
Gilbert Wiiitc, atid Alexander von Humtx^ldt, but the realisation of 
its full imi>ort was distinctively Darwinian. 

As Regarrls the General Idea of Organic Evolution. 

While it is true, as Prof. H. F. Osborn puts it, that “ ^ Before and 
after Darwin' will always be the ante ei post urhem conditam of 
biological histoi'y,” it is also true that the general idea of organic 
evolution is very ancient. In his admirable sketch Frmn the Greeks 
to Dane^m\ Prof. Osborn has shown that eevei^al of the ancient 
philosoj)hers looked upon Nature as a gradual development and as 
still in process of change, in the suggestions of Empedocles, to take 
the best instance, there were “four sparks of trutli, — first, that the 
development of life was a gradual process ; second, that plants were 
evolved before animals; third, that imperfect forms were gradually 
replaced (not succeeded) by i>crfect forms ; fourth, that the natural 
cause of the production of jicrfect forms was the extinction of the 
imperfect*." But the fundamental idea of one stage giving origin to 
another was absenh As the blue /Egean teemed with treasures of 
beauty and threw many ujk)u its shores, so did Nature produce like a 
fertile artist what had to be rejected as well as what was able to 
survive, but the idea of one species emerging out of another was not 
yet conceived. 

' Columbia Univerttiy OioloyKal VoL i. New York and London. 1894. Wo 

mu si acknowledge our great indebted nee? to this fine piece of work, 

^ op. ctf. p. 41. 
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Aristotle^s views of Nature^ seem to have been more definitely 
evolutionist than those of his predecessors^ in this sense, at least, that 
he recognised not only an ascending scale, but a genetic series 
from polyp to man and an age-long movement towards perfection. 
“It is due to the resistance of matter to form that Nature can only 
rise by degrees from lower to higher typea"' “ Nature produces those 
things which, being continually moved by a certain principle con- 
tained in themselves, arrive at a certain end.” 

To disceni the outcrop of evolution-doctrine in the long interval 
between Aristotle and Bacon seems to be very difficult, and some 
of the instances that have been cited strike one as forcedL Epicurus 
and Lucretius, often called poets of evolution, both pictured animals 
as arising directly out of the earth, very much as Milton's lion long 
afterwards pawed its way out Even when we come to Bruno who 
WTote that “to the sound of the harp of the Universal Apollo (the 
World Spirit), the lower organisms are called by stages to higher, and 
the lower stages are connected by inteonediate forms with the higher,” 
there is great room, as Prof Osbom points out“, for difference of 
opinion as to liow’ far he was an evolutionist in our sense of the 
terra. 

The awakening of natural science in the sixteenth century brought 
the possibility of a concrete evolution theory nearer, and in the 
early seventeenth century we find evidences of a new spirit — in the 
embryology of Harvey and the classifications of Ray. Besides sober 
naturalists there were speculative dreamers in the sixteenth and seven- 
teenth centuries who had at least got Ixiyood static formnlae, but, as 
Professor Osborn points out^, “ it is a very striking fact, that the basis 
of our modern methods of studying the Evolution problem was 
established not by the early naturalists nor by the speculative writers, 
but by the Philosophers." He refers to Bacon, Descartes, Leibnitz, 
Hume, Kant, Lessing, Herder, and SchelHng. “They alone were 
upon the main track of modern thought. It is evident that they 
were groping in the dark for a working theory of the Evolution 
of life, and it is remarkable that they clearly perceived from the 
outset that the point to which observation should be directed was not 
the past but the present mutability of species, and further, that this 
mutability was simply the variation of individuals on an extended 
scale.” 

Bacon seems to have been one of the first to tMok definitely about 

* See G. J. Eomanes, ‘‘Aristotle as a Katuralist," CQnUitip&rayy VoL ux. 

p. 275, 1091 ; G. Poaebeti La Biologie An^ioiilique, Paris, 1885 ; E, Zeller, A History 
of Gtteh Fhilosophrj^ London, 1881, and " Ueber die griechisclien VorgSnger Darwin’a,** 
Abhandl. Berlin Ahad, 1S78, pp. 111—124. 

* op, 01 C. p. 81. ^ op, ci^. p, 87. 
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the mutability of species, aiid he was far ahead of his age in his 
suggestion of what we now call a Station of Experimental ETolutioii* 
Leibnitz discusses in so many words how the species of animals may 
be changed and liow intermediate species may once have linked those 
that now seem discontinuous, “All natural orders of beings present 
but a single chain All advancee by dcgi*ees in Nature, and nothing 
by leaps," Similar evolutionist statements are to be found in the 
works of the other “ philosophei's " to whom Pi'ot Osborn refers, who 
were, indeed, more scientific than the naturalists of their day. It 
must be borne in mind that the general idea of organic evolution — 
that the present is the child of the pastr— is in great i>art just the 
idea of human history projected U|K)ii the natural world, difibrentiated 
by the qualification that the continuous “Becoming" has been 
wrought out by forces inherent in the organisms themselves and 
in their environment 

A reference to Kant^ should come in historical order after Buftbn, 
with whose writings he w^as acquainted, hut he seems, along with 
Herder and Schelling, to be best regarded as the culmination of the 
evolutionist philosophers — of those at least who interested themselves 
in scientific problems. In a famous passage he sj>eaks of “ the agi*ee- 
ment of so many kinds of animals in a certain common plan of 
structure",,, an “analog)^ of forms" which “strengthens the sup- 
position that they have an actual blood-relationship, due to derivation 
from a common parent/' He speaks of “the great Family of creatures, 
for as a Family we must conceive it, if the above-mentioned con- 
tinuous and connected relationship has a real foundation," Prof, 
Osborn alludes to the scientific caution which led Kant, biology being 
w^hat it was, to refuse to entertain the hoi>e “that a Newton may one 
day arise even to make the production of a blade of grass comprehen- 
sible, according to natural laws ordained by no intention." As Prof. 
Haeckel finely observes, Darwin rose up as Kant's Newton^, 

The scientific renaissance brought a wealth of fresh impressions 
and some freedom froin the tyranny of tradition, and the twofold 
stimulus stinted the speculative activity of a great variety of men 
from old Claude Duret of Moulins, of whose weird ti*ansfonnism 

' S«>e Brwjk, “Dio Btolluag Kant*s £nr De^zondenztheorfej” Bich CtntroBfL vni, 
1889, pp, 641 — 648. Fritz Sclmltze, iCant Darwinj Jena, 1875. 

“ Mr iUfred Huasel Wallace 'writea i “ We clttim for Darwin that he is the Kewtou of 
natural history, and that, just so surely as that the discovery and demonstration by 
Newton of tho law of gravitation established order in place of chaos and laid a sure 
foundation for alt future study of the starry heavens, so surely has Darwin, by his discovery 
of tho law of natural solectiou and his demonstration of the great principleof lhepreacrva> 
tiOD of useful variations in the struggle for life, not only thrown a flood of light on the 
proeeas of development of the 'whole organio worM, but also established a firm foundation 
for aU future study of nature** (Dandatrm, London, 1889, p, 9). Bee also Prof. Karl 
Pearson *8 CJrammar o/BciVnce (2nd edit.), London, 1900, p. 32, See Osborn, op, cif. p, 100. 
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(1609) Dr Henry de Varignj^ gives us a glimpse, to Lorenz Okeii 
{1779 — 1851) whose writings are such mixtures of sense and nonsense 
that some regard him as a far-seeing prophet and others as a fatuous 
follower of intellectual will-o*-the-wisi)s. Similarly^ for De Maillet^ 
Maupertuis, Diderot, Bonnet, and othei's, we must agree with Pro- 
fessor Osborn that they were not actually in the main Evolution 
movement Some have been included in the roll of honour on very 
slender evidence, Robinet for iustanee, whose evolutionism seems to us 
extremely dubious I 

The first naturalist to give a broad and concrete expression to 
the evolutionist doctrine of descent was BufFon (1707 — 1788), but it is 
interesting to recall the feet that his contemporary Linnseus (1707— 
1778), protagonist of the counter-doctrine of the fixity of species®, 
went the length of admitting (in 1702) that new species might 
arise by intercrossing. Button's position among the pioneers of the 
evolution-doctrine is weakened by his habit of vacillating between 
his own conclusions and the orthodoxy of the Sorboime, but there is 
no doubt that he had a firm grasp of the general idea of “Fenchahie- 
ment des ^tres.” 

Ei-asmus Darwin (1731—1882), probably influenced by Button, 
was another firm evolutionist, and the outline of liis argument in the 
Zoommia^ might serve in part at least to-day, Wlien we revolve in 
our minds the metamorphoses of animals, as from the tadpole to the 
frog ; secondly, the changes produced by artificial cultivation, as in 
the breeds of horses, dogs, and sheep ; thirdly, the changes produced 
by conditions of climate and of season, as in the sheep of warm 
climates being covered ^vith hair instead of wool, and the hares and 
Ijartridges of northern climates becoming white in winter; when, 
further, we observe the changes of structure produced by habit, as 
seen aspecially in men of different occupations ; or the changes pro- 
duced by artificial mutilation and prenatal influences, as in the 
crossing of species and production of monsters ; fourth, wlien we 
observe the essential unity of plati in all warm-blooded animals, — we 
are led to conclude that tliey have been alike produced from a similar 
living filament From thus meditating upon the minute portion 
of time in whicli many of the above clianges have been produced, 
would it be too bold to imagine, in the gi eat lengtli of time since the 
earth began to exist, perhaps millions of years before the commence- 

* Eisperimental London, 1S92. Chap. J, p. 14. 

® See J. Arthur Thomson, TM Science of Li/e. London, 1899* Chap* xvr, Evolution 
of Evolution Theory/' 

s See Carufi Sterne {Ernet Krause), DU allgemdne Weltamcha\mng in ihrer hUtorischen 
Entmckelung. Stuttgart, 1889. Chapter entitled ** Beatandigkeit Oder VoriiiidHrliohkeit 
der Naturwesen*” 

* Zoommiat ar the Law» of Organic 2 vols* London, 1794; Osborn, op* cit, p. 14o* 
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tncDt of the history of maiikiiid^ thet all Tvarm-blooded aiiinials have 
arisen from one living filament?”... ."This idea of the gradual genera- 
tion of all things seems to have been as familiar to the ancient 
philosophers as to the modern ones, and to have given rise to the 
beautiful hieroglyphic figure of the irpSiTav &6t/, or first groat egg, 
produced by night, that is, whose origin is involved in obscurity, and 
animated by “Epw?, that is, by Divine Love ; from whence proceeded 
all things w’hich exist” 

Lamarck (1744 — 1829) seems to have become an evolutionist inde- 
pendently of Erasmus Darwin’s influence, though the parallelism 
between them is striking. He probably owed something to Buftbn, 
but he developed his theory along a different line. Wiatever view be 
held in regard to that theory there is no doubt that Lamarck was a 
thorough-going evolutionist Professor Haeckel speaks of the Philo- 
sophic Zoologique as "the firet connected and thoroughly logical 
exposition of the theory of desceutl" 

Besides the three old masters, as we may call them, Biiflbn, 
Erasmus Darwin, and Lamarck, there were other quite convinced 
pre- Darwinian evolutionists. Tlie historian of the theory of descent 
must take account of Treviranus whose Biology or Philosophy 
of Animate N ature is full of evolutional^ suggestions ; of i^tienne 
(3eoftroy St Hilaire, w'ho in 1830, before the French Academy of 
Sciences, fought with Cuvier, tlie fellow-worker of his youth, an 
intellectual duel on the (|uestion of descent ; of Goethe, one of the 
founders of morphology and tlie greatest poet of Evolution— who, in his 
eighty-first year, heard the tidings of Geoflroy St Hilaire’s defeat with 
an interest which transcended the political anxieties of the time ; and 
of many others who had gained wdth more or less confidence and 
clearness a now outlook on Nature. It will be remembered that 
Darwin refers to thirty-four more or less evolutionist authors in his 
Historical Sketch, and the list might be added to. Esiiecially when 
we come near to 18 ">8 do the numbers increase, and one of the most 
remarkable, as also most inde{>eiideut champions of the evolution- 
idea before tiiat date was Herbert Spencer, wlio not only niarshalled 
the arguments in a very forcible way in 1852, but applied the forauila 
in detail iu his PrinciiAes of Psychology in 1855®. 

It is right and proper that wc should shake ourselves free from 
all creationist appreciations of Darwin, and that we should recognise 
the services of pre-Darwinian evolutionists who heli>ed to make the 
time ripe, yet one cannot help feeling that the citation of them is apt to 
suggest two fallacies. It may suggest that Darwin simply entered into 

‘ S« Alpheus S. Packard, Lamarck, the Founder of LVoJutwn. Hit Life and JVork, 
with Tramlatii>iu of hh wnftwj# on Or^ttnic Ecetmion. I.ondon, 1901* 

® Olodd, o f Etiolation^ Loedon, p. I6l, 18&7* 
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the labours of his predecessors, whereas, as a matter of feet, he knew 
very little about them till after he had been for years at work. To 
write, as Samuel Butler did, “BufFon planted, Erasmus Darwin and 
Lamarck watered, but it was Mr Darwin who said 'That fruit is 
ripe/ and shook it into his lap'".** seems to us a quite misleading 
version of the facts of the case. The second fellacj which the 
historical citation is a little apt to suggest is that the filiation of 
ideas is a simple problem. On the contrary, the history of an idea, 
like the pedigree of an organism, is often very intricate, and the 
evolution of the evolution-idea is bound up with the whole progress 
of the world. Tims in order to interpret Darwdn's clear formulation 
of the idea of organic evolution and his convincing presentation of it, 
we have to do more than go back to his immediate predecessors, such 
as Buffon, Erasmus Darwin, and Lamarck ; ive have to inquire into 
the acceptance of evolutionary conceptions in regard to other orders 
of facts, such as the earth and the solar system^; w^e have to realise 
how the growing success of scientific interpretation along other lines 
gave confidence to those who refused to admit that there was any 
domain from which science could l>e excluded as a trespasser ; w^e 
have to take account of the development of philosophical thought, 
and even of theological arid religious movements ; we should also, 
if we are wise enough, consider social changea In short, we must 
abandon the idea that we can understand tlie history of any science 
as such, without reference to contemporary evolotion in other depart- 
ments of activity. 

While there were many evolutionists before Darwin, few^ of 
them were expert naturalists and few^ ivere known outside a small 
circle ; what was of much more importance was that the genetic 
view of nature ivas insinuating itself in regard to other than bio- 
logical orders of facts, here a little and there a little, and that the 
scientific spirit had ripened since the days when Cuvier laughed 
Lamarck out of court. How w^as it that Darwin succeeded where 
others had failed ? Because, in the first place, he had clear visions— 
"pens^es de la jeunesse, exccut^es par T^ige mtlr '' — which a University 
curriculum had not made impossible, which the Beagle voyage made 
vivid, which an unrivalled British doggedness made real — visions 
of the web of life, of the fountain of change within the organism, of 
the struggle for existence and its wiimowung, and of the spreading 
genealogical trea Because, in the second place, he put so much grit 
into the verification of his visions, putting them to the proof in an 
argument which is of its kind — direct demonstration being out of the 
question — cjuite unequalled Because, in the third place, he broke 

V Chapter ix. ''The Genetie View of Nature” in J. T. Merabs of European 

Thought in the Nineteenth Century ^ Vol, 2, Edinburgh and London, 190B. 
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down the opposition which the most scientific liad felt to the 
seductive modal formula of evolution by bringing forward a more 
plausible theory of the process than had been previously suggested* 
Nor can one forget, since ((uestions of this magnitude are human 
and not merely academic, that he wrote so that all men could 
understand. 



As Regards tJw Fcuotors of Emlntion. 

It is admitted by all who are acquainted with tlie history of 
biology that the general idea of organic eYolution as expressed in 
the Doctrine of Descent was quite fimiiliar to Darwin’s grandfather, 
and to others before and after him, as wc have briefly indicated. It 
must also be admitted that some of these pioneers of evolutionism did 
more than apply the evolution-idea as a modal fonnula of becoming, 
they began to inquire into the factors iu the process. Thus there 
w^ere pre-Danviuiaii theories of evolution, and to these we must now 
briefly refer^. 

In all biological thinking wc have to work with the categories 
Organism — Function — Environment, aod theories of evolution may 
be classifled in relation to these* To some it has always seemed that 
the fundamental fact is the living organism, — a creative agent, a 
striving will, a changeful Proteus, selecting its environment, adjusting 
itself to it, self-difierentiating and self-adaptive* The nece^ity of 
recognising the imix)i*tancc of the organism is admitted by all 
Darwinians who start with iiibom variations, but it is open to 
question whether the whole truth of what we might call the 
Goethian position is exhausted in the postulate of inherent varia- 
bility. 

To others it has always seemed that the emphasis should be laid 
on Function, — on use and disuse, on doing and not doing. Practice 
makes perfect ; dmt d force ik forger qu>on devmU forgerori. This 
is one of the fundamental ideas of Lamarckism ; to some extent 
it met with Darwin's approval ; and it finds many supportci's to-day. 
One of the ablest of these — Mr Francis Darwin~haa recently given 
strong reasons for combining a modernised Lamarckism with what 
we usually regard as sound Darwinism®, 

To othei*s it has always seemed that the emphasis sliould be laid 
on the Enviromneiit, which wakes the organism to action, prompts it 
to change, makes dints upon it, moulds it^ prunes it, and finally, 
I>erhaps, kills it It is aguin impt^ible to doubt tliat there is truth ' 

^ See Prof. W, A. Locy^s Biology and ifcr Makers. New York, 190S, Part ii. **Tho 
Doctrine of Organio Evolution.^’ 

^ Presidential Address to tLe British Association meeting at Dublin m 1008, 
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Pre-Dant'iman Theories of Evohdi<m 

ill this view, for even if environmentally induced “modifications" 
be not transmissible, environmentally induced “variations’' are ; and 
even if the direct influence of the environment be less important 
than many enthusiastic supporters of this view— may we call them 
Uuflbnians — think, there remains the indirect influence which 
Iharwinians in part rely on,— the eliminative process. Even if the 
extreme view be held that tlie only form of discriminate elimination 
that counts is inter-organismal competition, this might be included 
under the rubric of the animate environment 

In many passages Buflbn‘ definitely suggested that environ- 
mental influences — especially of climate and food— were directly 
productive of changes in organisms, but he did not discuss the 
question of tlie traiismissibility of the modifications so induced, and 
it is difficult to gather from his inconsistent writings what extent 
of transformation he reall)' believed in. Prof. Osborn says of Buflbn : 
“The struggle for existence, the elimination of tlie least-perfected 
species, the contest between the fecundity of certain species and their 
constant destruction, are all clearly expressed in various passages.” 
He quotes two of these®: 

“Le cours ordinaire de la nature vivaiite, est en g^mSral toujours 
constant, toujours le mSine ; son mouveinent, toujours r^gulier, route 
siir deux points in^branlables : I’un, la fficondit^ sans bornes donmSe 
k toutes les esiiices ; I'autre, les obstacles sans nombre qni rdduisent 
cette Kcondit^ h une mesnre diteriniirie et ne laissent en tout temps 
«|u’h pen prts la meme quantitl! d’individus de cliaque espiice”...“l.es 
espices les moins parfeites, les plus d^licates, les plus iiesantes, les 
moins agis-santes, les moins armies, etc., ont d<Sjh disparn on dis- 
pa raitront" 

Erasmus Darmii* had a firm grip of the “idea of the gi-adual 
formation and improvciiicnt of the Animal world,” and he had 
his theory of the process. Jfo sentence is more cliaracteristic 
than this : “All animals undergo transformations which are in i>art 
produced by their own exertions, in response to pleasures and pains, 
and many of these acquired fonns or propensities are transmitted 
to their jiosterity.” This is Ijamarckism before Lamarck, as his 
grandson pointed out His central idea is that wants stimulate 
efibrts and that these result in improvements, which suViseqiient 
generations make better still. He realised something of the struggle 
for existence and even iwinted ont that this advantageously chocks 
the rapid multiplication. “As Dr Krause points out, Darwin just 



i See in particular Samuel Butler, OW and London, 1879; J* L. de 

Laneaaaii, et Darwin,” Etme ScienHjlqne^ xloe. pp. 3S5 — 391, 42-'5--432, 1889. 

op, cil. p. 1B6, 

=• Bt% Emet Krauso and Charlea Darwin, j&Vaawtwjf Darwin^ London, 1879* 
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misses the connection between this struggle aiul ttie Survival of t)ie 
Fittest*." 

Ijamarck® (17*14 — 1829) seems to have thought out his theoi'y 
of evolution without any knowledge of Erasmus Darwin’s which it 
closely resembled The central idea of his theory was the cumulative 
inheritance of functional mo<lification& “Changes in environment 
bring about changes in the habita of animals. CSmnges in their 
wants necessarily bring about j>arallel changes in their habits. If 
new wants become constant or very lasting, they form new habits, 
the new habits involve the use of new parts, or a'diftejient iise of old 
l>arts, which results finally in the production of new organs and the 
modification of old ones.” lie diflcrcd from lluttbn in not attaching 
importance, as far as animals arc concernetl, to the direct influence 
of the environment^ “for environment can cftect no direct change 
whatever upon the organisation of animals,” but in regard to 
plants ho agreed with Ihifibn tliat external conditions directly 
inouldctl them. 

Treviranus’ (1770 — 18.^7), whom Huxley nuikcd Ireside I/amarck, 
was on the whole nuflbntan, attaching chief im|>ortance to the 
influence of a changeful ciivironmeiit both in mo<lifying and in 
eliminating, but he was also Ooetliian, for instance in his idea that 
species like individuals pass through periods of growth, full bloom, 
and decline. “Thus, it is not only the great catastrophes of Nature 
wiiich have caused extinction, but the completion of cycles of 
existence, out of which new cycles have hegun.” A chai'acteristic 
sentence is quoted by Prof. Osborn ; “ In every living Ireing there 
exists a capability of an cudless variety of form-assumption ; CiUih 
possesses the power to adapt its organisation to the changes of the 
outer world, and it is this power, put into action by the change of the 
universe, tliat. has raised the simple isoophj'tes of tJie primitive world 
to continually liigher stages of organisation, and has introduced a 
connt3e.ss variety of sjiecics into animate Nature." 

Goethe* (1749 — 1832), who knew Buffon*s work biit‘ not Lamarck’s, 
is jKxjuliarly interesting as one of the first to use the evolution-idea 
as a guiding hypothesis, c.g. in the interpretation of vestigial st ructures 
ill man, and to realise that organisms cxpr<^ an attempt to make a 
compromise between 8i>ccific inertia and individual change. He gave 

> Oitom. op. eff, pi H2, 

* St«: E. Pfrriw. La PhUotophU arant DatKltt, PArii. ISSl; A. de 

QuAtrffigc*, Darwin « tu Prfturttun Fratipiit, Parie. 1S70; Packard, op. <0.; aUo 

C\mu, Lanartk aU B(^H!n<Ur dtr 18S8; naccicl, .Wnra I //Otory 

0 / Creatfon. Eng. tranjl. Undon. 187? ; Jjing, Zut CkarakuriiUk J<r JWofAuiyiwoyc 
roll tmd Damin^ 18^* 

» S« Unxhf9 ArtfeJo ‘-Ewlulion In Briimnka (0th tdlt.h 

l$7$. pp. 744— 75i; and Sally'a ''ETotuUon in PhiZ<^34>phyp** pp* 751^775. 

* ^ Ilac^Scel, DiV Natumm^h^uHni; r-?rt G^th^ and l^marck, Jani^ 
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the finest expression that science has yet known — if it has known 
it — of the kernel-idea of what is called “bathmism,” the idea of an 
“inherent gi’owth- force” — and at the same time he held that “the 
way of life pow'erfully reacts upon all form" and that the orderly 
grow'th of fonn “yields to change from externally acting causes.” 
Besides Buifon, Erasmus Darwin, Lamarck, Treviranus, and 
Goethe, there w'erc other “pioneers of evolution,” whose views have 
been often discussed and appraised. Etienne Geoflfroy Saint-Hilaire 
( 1772 — 1844), whose work Goethe so much admired, was on the whole 
Buffonian, emphasising the direct action of the changefril milim. 
“Species vary with their environment, and existing species have 
descended by modification from earlier and somewhat simpler species." 
He had a glimpse of the selection idea, and believed in mutations or 
sudden leaps — induced in the embryonic condition by external in- 
fluences. The complete history of evolution-theories will include 
many instances of guesses at truth which were afterw'ards sub- 
stantiated, thus the geographer von Buch (1773 — 1853) detected the 
importance of the Isolation factor on which Wagner, llomanes, Gulick 
and others have laid great stress, but we must content om-selves with 
recalling one other pioneer, the author of the Vestige of Creation 
(1844), a work W'hich passed through ten editions in nine years and 
certainly helped to harrow the soil for Darwin’s sowing. As Darwin 
said, "it did excellent service in this country in calling attention 
to the subject, in removing prejudice, and in thus preparing the 
ground for the reception of analogous views h” Its author, Robert 
Chambers (1802 — 1871) w^as in part a Buffonian — maintaining that 
environment moulded organisms adaptiveiy, and in part a Goethian — 
believing in an inherent progressive impulse which lifted organisms 
from one grade of organisation to another. 

As regards NatMral Selection. 

The only thinker to whom Darwin was directly indebted, so far 
as the theory of Natural Selection is concerned, was Malthus, and we 
may once more quote the well-known passage in the Autobiography : 
“In October, 1838, that is, fifteen months after 1 had begun my^ 
systematic enquiry, I happened to read for amusement ‘Malthus 
on Population,’ and being well prepared to appreciate the struggle 
for existence which cverjw'here goes on fi’om long-continued observa- 
tion of the habits of animals and plants, it at once struck me that 
under these circumstances fiivourable variations would tend to be 
preserved, and imiavourable ones to be destroyed. Tire result of this 
would be the formation of new species^.” 

Although Malthus gives no adumbration of the idea of Natural 

^ Origin 0 / (6th Bdit*), p» xvil. 

- The lAife iind Letters of ChtiTles Daneiut YoL i. p. 83* London, 18B7* 
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Selection in hiij exiKKiition of the eliminative proce^ee which go on 
in mankind, the !»uggestive value of his c^y is undeniabte, as is 
strikingly home out by the fact that it gave to Alfred Uusscl Wallace 
also " the long-sought clue to the effective agent in the evolution of 
organic species h" One day in Ternate when he was resting between 
fits of fever, something brought to his rccolloction the work of Maltlms 
which he had read twelve years before. “I thought of Iiis clear 
ex]K)Sition of *thc positive checks to increase’ — disease, accidents, 
war, and famine— wiiicli keep down the population of savage races to 
so much lower an average than that of more civilisied peoples. It 
then occurred to me that these causes or their equivalents arc 
continually acting in the case of animals also ; and as animals usually 
breed much inoi'C rajndly tlmn does mankind, the destruction every 
year from these causes must 1>e enormous in order to keep down the 
numbers of each species, since they evidently do not increase regularly 
from year to year, as otherwise the world would long ago have been 
densely crowdwl with those that bree<l most quickly. Vaguely 
thinking over the enormous and constant destruction which this 
implied, it occuiTcd to me to ask the question, Why do some die 
and some live ? And the answer was clearly, tliat on the ^vholc the 
best fitted live. Fi'om the eft'ccts of disease the most healthy escai)e<l ; 
from enemies the strongest, the swiftest, or the most ciumiiig ; from 
famine the best hunters or those with the best digestion ; aiul so on. 
Then it suddenly flashetl upon me that this self-acting process would 
necessarily improve the race, because in every genenitioii the inferior 
would inevitably be killetl off and the superior would remain — that 
is, the Attest wovdd mroivcV We need not apologise for this long 
quotation, it is a tribute to Darwin’s magnanimous colleague, the 
Nestor of the evolutionist camp, — and it prolmbly indicates the line 
of thought which I>arwin himself followe<l. It is interesting also to 
recall tlie fact that in lHo2, when Herbert fipencer wrote his famous 
Leader article on “’llie Development Hyiiothesis” in which he 
argued powerfully for the thesis that the whole animate world is 
the result of an age-long process of natural tiansfonnation, he wrote 
for The water Bevietv another imiKu-tant essay, “A Thooiy 

of Population deduced from the (icneial IjUw of Animal Fertility,” 
towai-ds the close of which he came within an ace of recogiiisiiig that 
the struggle for c.\istcucc was a factor in organic evolution. At 
a time wlicn pressure of j^pulatioii was practiatlly interesting men’s 
minds, Darwin, Wallace, and Siwncer were being indc|K:ndently led 
from a social problem to a biological theoi-y. There could be no 
better illustration, as Prof. Patrick Geddes has iwiivtcd oiit> of the 
Comtian thesis that science is a ‘'social phenomenon.” 

' A- K* WaliACC, J/y A HfcorA of and Lojuioo, 1006, Vgl, t, p. 232, 

1 Ibid. Vol, I, p, 331, 
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Therefore, as far more important than any further ferreting out 
of vague hints of Natural Selection in books which Darwin never 
read, we would indicate by a quotation the view that tlio central 
idea in Darwinism is correlated with contemporary social evolution. 
“ The siil^titution of Darwin for Paley as the chief interpreter of the 
order of nature is currently regarded as the displacement of an 
anthropomorphic view by a purely scientific one : a little reflection, 
however, will show that what has actually hapi>ened has been merely 
the replacement of the anthroiwmorphiem of the eighteenth century 
by that of tlie nineteenth. For the place vacated by Palcy’s theo- 
logical and metaphysical explanation has simply been occupied by 
that suggested to Darwin and Wallace by Maltlius in terms of the 
prevalent severity of industrial competition, and those phenomena 
of the struggle for existence which the light of coiitempoi’ary economic 
thcoiy has enabled us to discern, have thus come to be temporarily 
exalted into a complete explanation of organic progress^” It goes 
without ^yiiig that the idea suggested by Alalthus was developed 
by Darwiii into a biological theory which was then painstakingly 
verified by being used as an interpretative formula, and that the 
validity of a theory so established is not aftected by wdiat suggested 
it, but the practical question which this line of thought raises in the 
mind is this : if Biology did thus Iwrrow with such splendid results 
from social theory, why should we not more deliljcrately reiieat the 
e.\periment ? 

Darwin was characteristicsdly frank and generous in admitting 
that the principle of Natural Selection had been independently 
recognised by Dr W. C. Wells in 1813 and by Mr Patrick Matthew in 
1831, but he had no knowledge of these anticipations when he 
published the fii-st edition of The Origin of Species. Wells, whose 
“Essay on Dew” is still remembered, read in 1813 before the Royal 
Society a short paper entitled “An account of a White Female, part 
of whose skin resembles that of a Negro ” ([uiblished in 1818), In 
this communication, as Darwin said, “he observes, fii-stly, that all 
animals tend to vary in some degree, and, secondly, that agriculturists 
improve their domesticated animals by selection ; and then, he adds, 
but wliat is done in tliis latter case ‘ by art, seems to be done with 
equal efficacy, though more slowly, by nature, in the formation of 
varieties of mankind, fitted for the countrj' which they inhabit^.’ ” 
Thus Wells had the clear idea of survival dependent upon a favourable 
variation, but he makes no more use of the idea and applies it only 
to man. There is not in the paper the least hint that the author 
ever thought of generalising the remarkable sentence quoted above. 

Of Mr Patrick Matthew, who buried his treasure in an appendix 

* P. Geddes, article “ Biology,” Cttamben’$ Enci/clopaedia. 

Origin of Species (6th edit,) p, xv. 
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to a work on Nav(d Twtber and Arboriculture, Darwin aaid that 
" he clearly aaw the full force of the principle of natural selection." 
In 1860 Dai-win w'rote — very characteristically—about this to Lyell ; 
“Mr Patrick Matthew publishes a long extract from his work on 
Naval Timber and Arhoriovlture, published in 1831, in whicli he 
briefly but completely anticipates the theoiy of Natural Selection. 
I have ordered the book, as some passages are rather obscure, but it 
is certainly, I think, a complete but not developed anticii)ation. 
Erasmus always said that surely this would be shown to be the case 
some day. Anyhow, one may be excused in !iot having discovered 
the fact in a work on Naval Timber*.” 

De Quatrefages and De Varigny have maintained that the botanist 
Naudin stated the theory of evolution by natural selection in 1852. 
He explains very clearly the process of artificial selection, and says 
that in the garden we are following Nature’s method. “We do not 
think that Nature has made her sjmeies in a difierent fashion from 
that in which wc procee<l oui'sclves in order to make our variations." 
But, as Darwin said, “he does not show how selection acts under 
nature." Similarly it must be noted in regard to several pre- 
Darwinian pictures of the struggle for existence (such as Herder’s, 
who wTOte in 174H> “All is in stru^le...each one for himself" and so 
on), that a recognition of this is only the first step in Darwinism. 

Profs. E. Pender and H. F. Osborn have called attention to a 
remarkable antici[)ation of the selection-idea which is to be found in 
the speculations of Etienne Geojffroy St Hilaire (1825 — 1828) on 
the evolution of modern Crocodihans from the ancient Teleosaurs. 
Changing environment induced changes in the respiratory system and 
far-reaching consequences follo^ved. The atmosphere, acting upon 
the pulmonary cells, brings about “ modifications which are favourable 
or destructive (' funestes ’) ; these arc inherite<l, and they influence 
all the rest of the oiganisatioii of the animal becaii.se if these modifi- 
cations lead to injurious effects, the animals which exhibit them jicrish 
and are replaced by others of a somewhat different fonn, a fonn 
changed so as to be adapted to (it la convenance) the new environnient." 

Prof. E. B. Poulton® has shomi that the anthi-opologist James 
Cowles Prichard (1780 — 1848) must be included, even in spite of 
himself, among the precursoi's of Darwin. In some {lassagcs of the 
second edition of his Researches into the Physical History of 
Manhind (1826), he certainly talks evolution and anticipates Prof. 
Weismann in denying tlie transmission of acquired characters. He 
is, Jiowever, sadly self-contradictory and his evolutionism weakens in 
subsequent editions — the only ones that Darwin saw. Prof. Poulton 

^ Lif€ <tnd LeU^r*^ w, p. 301, 

® Seitnet Prfj^rtu^ Kew Scries, 'V"ol, i, 1097- "A Eemarkable Anticipation of Modern 
Views on Eyolution/^ See also Chap, vi, in Ewaps on EvolnlioUf Oxford, 1008, 
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fiiuls ii) Prichard's work a recognition of the operation of Natural 
Selection. "After inquiring how it is that ‘these varieties are de- 
veloped and preserved in connexion with particular climates and 
difterences of local situation/ ho gives the following very significant 
ansa'cr : ‘ One cause wliich tends to maintain this relation i.s obvious. 
Individuals and families, and evcti whole colonies, i^rish and dis- 
appear in climates for wliich they arc, by iJccvdiarity of constitution, 
not adapted. Of tliis fact iiroofe have been already mentioned.’" Mr 
Fiancis Darwin and Prof. A. C. Scwaixl discuss Prichard’s "anticipa- 
tions ’’ in Afore Letters of Churles Dnrwin^ Vol. i. p. -W, and come to 
the conclusion that the evohdionary i>assa^ are entirely neutraliserl 
by othei-8 of an opposite trend, 'niei-c is the same difficulty with 
Bufibn. 

Hints of the idea of Natural Selection have been detected else- 
where. James WattJ, for instance, has been rejmrted as one of the 
anticipators (1851). But we need not prolong the inquiry further, 
since Darwin did not know* of aiiy anticipations until after he had 
published the immortal work of 1859, and since none of those who 
got hold of the idea made any use of it What Darwin did was to 
follow the clue which Malthiis gave him, to realise, first by genius and 
afterwards by patience, how the complex and subtle struggle for 
existence works out a natural selection of those organisms which 
vary in the direction of fitter adaptation to the conditions of their 
life. So much succes-s attended his application of the Selection- 
fomnila that for a time he regarded Natural Selection as almost the 
sole factor in evolution, variations being pre-siipposed ; gi-adiially, 
however, he came to recognise that there was some validity in tlie 
factoi-s which had been empbasizctl by Lamarck and by Bufibn, and in 
his well-known summing up in the sixtlMxlition of the Origin he says 
of the transfoi-mation of species: "This has been effected chiefly 
through the natural selection of numerous successive, slight, favour- 
able variations ; aided in an imimrtant manner by the iiiheritctl 
eft’ccts of the use and disuse of iwrts; and in an unimportant maimer, 
that is, in relation to adaptive structures, xvlicther past or present, 
by the direct action of external conditions, and by variations which 
seem to us in our ignoramic to arise spontaneously.” 

To sum up : tlie idea of organic evolution, older than Aristfitlc, 
slowly developed from the stage of suggestion to the stage of verifi- 
cation, and the fii-st convincing verification was Darwin’s ; from being 
an a priori anticipation it has become an interpretation of nature, 
and Darwin is still the chief interpreter ; from being a modal interpre- 
tation it has advanced to the rank of a causal theory, tlie mo.st 
convincing part of which men will never cease to call Darwinism. 

1 See Prot Patrick Geddes’s artiolo ‘'Variation and Solcotion,” KnegelopnedM 
BnYawntVa (DeU edil,) 1839, 

j>. ^ a 
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TmZ SELECTION THEORY 

By August Weissiank, 

Professor of Zoology in the University of Freiburg (Badeyt). 

h The Idea of Selection, 

Many and diverse were the discoveries made by Charles Darwin 
ill the course of a long and strenuous life, but none of them has had 
so far-rcacliing an influence on the science and thought of his time 
as the theory of selectioiK I do not believe that the theory of 
evolution would have made its w^ay so easily and so quickly after 
Darwin took up the cudgels in favour of it, if he had not been able 
to support it by a principle which was capable of solving, in a simple 
manner, the greatest riddle that living nature presents to us, — I mean 
tlie purposiveness of every living form relative to the conditions of 
its life and its marvellously exact adaptation to these. 

Everyone knows that Darwin was not alone in discovering the 
principle of selection, and that the same idea occun'ed eimultaneously 
and independently to Alfred Russel Wallace, At the memorable 
meeting of the Linncan Society on 1st July, IflSB, two impens w^ere 
read (communicated by Lyell and Hooker) both setting foilh the 
same idea of selection. One was wTitten by Cliarles Darwin in Kent, 
the other by Alfred Wallace in Temate, in the Malay Archipelago. 
It was a splendid proof of the magnanimity of these two investigatom, 
that they thus, in all friendliness and without envy, united in laying 
their ideas before a scientific tribunal : their names will always shine 
side by side as two of the brightest stars in the scientific sky. 

But it is with Charles Darwin that I am lierc chiefly concerned, 
since this pai>er is intended to aid in the commemoration of the 
hundredth anniversary of his birth, 

Tlie idea of selection set forth by the two naturalists was at tlie 
time absolutely new, but it was also so simple that Huxley could 
say of it later, “How extremely stupid not to have thought of 
that” As Darwin was led to the genei*al doctrine of descent, not 
through the lal)oui*8 of his predeccssoi^ in the early years of the 
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century, but by his own observations, so it was in regard to the 
principle of selection. He was struck by the innumerable cases of 
adaptation, as, for instance, that of the woodpeckers and tree-frogs 
to climbing, or the hooks and feather-like appendages of seeds, which 
aid ill the distribution of plants, and he said to himself that an 
explanation of adaptations was the first thing to be sought for in 
attempting to formulate a theory of evolution. 

But since adaptations point to dumges which have been under- 
gone by the ancestral forms of existing species, it is necessary, first 
of all, to inquire how far species in general are varwhle. Tims 
Darwin’s attention was directed in the first place to the phenomenon 
of variability, and the use man has made of this, from very early 
times, in the breeding of his domesticated animals and cultivated 
plants. He inquired carefully how breeders set to work, when they 
wished to modify the structure and appearance of a species to their 
own ends, and it was soon clear to him that sdectum for breeding 
jmrposes played the chief part 

But how was it possible that such processes should occur in free 
nature ? Who is here the breeder, making the selection, choosing 
out one individual to bring forth offspring and rejecting others? 
That was the problem that for a long time remained a riddle to 
him. 

Darwin himself relates how illumination suddenly came to him. 
He had been reading, for his own pleasure, Malthus’ book on 
Population, and, as he had long knoivn from numerous observa- 
tions, that ever)' species gives rise to many more descendants than 
ever attain to maturity, and that, therefore, tlie greater number of 
the descendants of a species perish without reproducing, the idea 
came to liiin that the decision as to which member of a species w'as 
to perish, and which was to attain to maturity and reproduction 
might not be a matter of chance, but might be determined by the 
constitution of the individuals themselves, according as they were 
more or less fitted for survival. With this idea the foundation of 
the theory of selection was laid. 

In arlijicial selection the breeder chooses out foi‘ jrairing only 
such individuals as possess the character desired by him in a 
somewhat higher degree than the rest of the race. Some of the 
descendants inherit this character, often in a still higher degi-cc, and 
if this method be pursued throughout several generations, the race 
is transformed in respect of that particular character. 

Natural selection depends on the same three factors as artificial 
sdection : on variability, inhm'ita'nce, and selection for breeding, but 
this last is here earned out not by a breeder but by what Darwin 
called the “struggle for existence.” This last factor is one of the 

2 2 
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special features of the Darwinian conception of nature. That there 
are carnivorous animals which take heavy toll in every generation of 
the progeny of the animals on which they prejj and that there are 
herbivores which decimate the plants in every generation had long 
been fcnoTOj but it is only since Darwin's time that sufficient at- 
tention has been paid to the facts thatj in addition to this regular 
destruction, there exists between the members of a species a keen 
competition for space and food, which limits multiplication, and that 
numerous individuals of each si>ecies perish because of unfavourable 
climatic conditions. The “struggle for existence," which Darwin re- 
garded as taking the place of the human breeder in free nature, is 
not a direct struggle between carnivores and their prey, but is the 
assumed competition for survival between individuals of the same 
species, of which, on an average, only those survive to reproduce 
which have the greatest power of resistance, while the others, less 
favourably constituted, perish early. This struggle is so keen, that, 
wdthin a limited area, where the conditions of life have long re- 
mained unchanged, of every species, whatever be the degi^ee of 
fertility, only two, on an mmragey of the descendants of each pair 
survive; the others succumb either to enemies, or to disadvantages 
of climate, or to accident. A high degree of fertility is thus not an 
indication of the special success of a species, but of the numerous 
dangers that have attended its evolution. Of the sis young brought 
forth by a pair of elephants in the course of their lives only two 
survive in a given area ; similarly, of the millions of eggs which two 
thread- worms leave behind them only two survive. It is thus possible 
to estimate the dangers which threaten a species by its ratio of 
elimination, or, since this cannot be done directly, by its fertility. 

Although a great number of the descendants of each generation 
fall victims to accident, among those that remain it is still the greater 
or lesser fitness of the organism that determines the “selection for 
breeding purposes,” and it would be incomprehensible if, ii] this 
competition, it were not ultimately, that is, on an average, the best 
equipped which survive, in the sense of living long enough to re- 
produce. 

Thus the principle of natural selection is the seleetimi of the 
hest for reprodnetion^ whether the “best” refers to the whole con- 
stitution, to one or more parts of the organism, or to one or more 
stages of development. Every organ, every part, every character of 
an animal, fertOity and intelligence included, must be improved in 
this maimer, and be gradually brought up in the courae of genera- 
tions to its highest attainable state of pertection. And not only may 
improvement of parts be brought about in this way, but new jiarts 
and organs may arise, since, tlu-ough the slow and minute stejis of 
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individual or “fluctuating'' variations, a part may be added here or 
dropped out there, and thua something new is produced. 

'Ibe principle of selection solved the riddle as to how what wa.s 
purposive could conceivably be brought about without the inter- 
vention of a directing power, the riddle which animate nature 
presents to our intelligence at every turn, and in face of wliich the 
mind of a Kant could find no way out, for he regarded a solution 
of it as not to be hoped for. For, even if we were to assume an 
evolutionary force that is continually ti'ansforming the most primitive 
and the simplest fonns of life into ever higher forms, and the homo- 
geneity of primitive times into the infinite variety of the present, 
we should still be unable to infer from this alone how each of the 
numberless forms atlapted to i>articular conditions of life should have 
appeared precisely at the riyht moment in the history of the earth to 
wliich their adaptations were ajjpropriate, and precisely at the proper 
place in which all the conditions of life to which they were adapted 
occurred : the humming-birds at the same time as the flow'ers ; the 
trichina at the same time as the pig; the bark-coloured moth at the 
same time as the oak, and the w'asp-likc moth at the same time as the 
wasp which protects it. Without processes of selection we should 
be obliged to assume a “pre-established harmony” after the famous 
Leibnitzian model, by means of which the clock of the evolution of 
organisms is so regulated as to strike in exact synchronism with that 
of the history of the earth I All forms of life arc strictly adapted 
to the conditions of their life, and can persist under these conditions 
alone. 

Tlierc nmst therefore be an intrinsic connection between the 
conditions and the structural adaptations of the organism, and, 
since the conditions of life cannot he determined by the animal 
itsdf, the adaptations nmst he called forth hy the conditions. 

The selection theorj' teaches us how this is conceivable, since it 
enablc-s us to understand that there is a continual production of what 
is non-pur{K>3ivc as well as of what is purposive, but the purposive 
alone survives, while the noii-purposive perishes in the very act of 
arising. 'This is the old ^visdom taught long ago by Empedocles, 

II. The Lajiauckiax Pbikciple. 

Lamarck, as is well knoivn, formulated a definite theory of evolu- 
tion at the beginning of the nineteenth century, exactly fifty years 
before the Darwin-Wallacc principle of selection was given to the 
world. This brilliant investigator also endeavoured to support his 
theory by demonstrating forces which might have brought about the 
transformations of the organic world in the course of the ages. In 
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addition to other factors^ he laid special emphasis on the increased 
or diminished use of the parts of the hodj^ assuming that the 
strengthening or weakening which takes place from this cause 
during the individual life, could be handed on to the offspring, and 
thus intensified and raised to the i*ank of a specific cliaracter* 
Darwin also regarded this LaTmtrckimi jiyrifteiplej as it is now 
generally called, as a factor in evolution, but he was not fully con* 
vinced of the transmissibility of acquired characters. 

As I have here to deal only with the theory of selection, I need 
not discuss the Lamarckian hypothesis, but I must express my opinion 
that there is room for much doubt as to the cooperation of this 
principle in evolution. Not only is it difficult to imagine how the 
traiLsmission of functional modifications could take place, but, up to 
the present time, notwithstanding the endeavours of many excellent 
investigators, not a single actual proof of such inheritance has been 
brought forward. Semen's experiments on plants are, according to 
the botanist Pfeffer, not to be relied on, and even the recent, beautiful 
experiments made by Dr Kammerer on salamanders, cannot, as I hope 
to show elsewhere, be regarded as proof, if only because they do not 
deal at all with functional modifications, that is, with modifications 
brought about by use, and it is to these alone that the Lamarckian 
principle refers. 

IIL Objections to the Theory of Selection. 

(a) Saltatory evolnlimL 

The Darwinian doctrine of evolution dei>ends essentially on the 
cumulative augmentation of minute variations in the direction of 
utility. But can such minute variations, which are undoubtedly 
continually appearing among the individuals of the same species, 
possess any selection-value; can they determine which individuals 
are to survive, and which are to succumb; can they be increased 
by natuiul selection till they attain to the highest development of a 
purposive valuation ? 

To many this seems so improbable that they have urged a theory 
of evolution by leaps from species to species. Kolliker, in 187% 
compared the evolution of si>eciee with the processes which we can 
observe in the individual life in cases of alternation of generations. 
But a polyp only gives rise to a me^lusa because it has itself arisen 
from one, and there can be no question of a medusa ever having 
arisen suddenly and de novo from a polyp-bud, if only because both 
forms are adapted in their structure as a whole, and in every detail 
to the conditions of their life. A sudden origin, in a natural way, of 
numerous adaptations is inconceivable. Even the degeneration of a 
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medusoid from a free-swimming animal to a mere brood-sac (gono- 
phore) is not sudden and saltatory, but occurs by iinperceptible 
modifications througliout hundreds of years, as we can learn from 
the numerous stages of the process of degeneration persisting at the 
same time in different species. 

If, then, tlie degeneration to a simple brood-sac takes place only 
by very slow transitions, each stage of which may last for centuries, 
how could the much more complex ascendm^ evolution possibly have 
taken place by sudden leaps ? I regard this argument as capable of 
further extension, for wherever in nature we come upon degeneration, 
it is taking place by minute steps and with a slowness that makes it 
not directly perceptible, and I believe that this in itself justifies us 
in coucluding that the same must be trim of meeudtjig evolution. 
But in the latter case the goal can seldom be distinctly recognised 
while ill cases of degenemtion the starting-point of the process can 
often be inferred, because several nearly rclatecl species may repre- 
sent different stages. 

In recent years Bateson in particular has championed the idea of 
sfiltatory, or so-caUed discontinuous evolution, and has collected a 
number of cases in which more or less marked variations have 
suddenly appeared. These are taken for the most part from among 
domesticated aniinals wliich have been bred and crossed for a long 
time, and it is hardly to be wondered at that their much mixed and 
much influenced germ-plasm should, under certain conditions, give 
rise to remarkable phenomena, often indeed producing forms wbich 
are strongly suggestive of monstrosities, and which wmuld undoubtefUy 
not survive in free nature, unprotected by man. I should regard such 
cases as due to an intensified germinal sclection^ — though this is to 
anticipate a little^ — and from this point of view" it cannot be denied 
that they have a special interest But they seem to me to have no 
significance as far as the transformation of species is concerned, if 
only because of the extreme rarity of their occuireoce. 

There are, how^ever, many variations which have appeared in a 
sudden and saltatory maimer, and some of these Darw^in pointed out 
and discussed in detail : the copper beech, the w^eeping trees, the oak 
w"itli “ fern-like leaves,*' certain garden-flowers, etc. But none of them 
have persisted in free nature, or evolved into i>eraianent types. 

On the other hand, wherever enduring types have arisen, we find 
traces of a gi*adual origin by successive stages, even ifi at fii-st sight, 
their origin may api>ear to have been sudden. This is the case with 
seasonal dmioTj)hh5m, the fii’st kiio\vn cases of wbich exhibited 
marked differences betw^een the two generations, the muter and the 
summer brood. Take for instance the mucli discussed and studied form 
Vmiessa {Araschnia) hvana-prorsa. Here the difterences between 
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the two forms are so great and so apparently disconnected, that one 
might almost believe it to be a sudden mutation, were it not that old 
transition-stages can be called forth by particular temperatures, and 
we know other butterflies, as for instance our Garden Whites, in 
which the differences between the two generations arc not nearly so 
marked; indeed, they are so little api>arcut that they are scarcely 
likely to be noticed except by exi>erts. Thus here again there are 
small initial steps, some of which, indeed, must be regarded as 
mlaptations, such as the green-sprinkled or lightly tinted under- 
surface which gives them a deceptive resemblance to pai'sley or to 
Cardainine leaves. 

Even if saltatory variations do occur, we cannot assume that these 
1mm ever led to forms which are capable of survival under tim 
conditiom of wUd life. Experience has shouii that in plants which 
have suddenly varied the power of i>ersistence is dimiiiLshed, Kor- 
schinksky attributes to them weaknesses of organisation in general; 
“ they bloom late, ripen few of their seeds, and show gi‘eat sensitive- 
ness to cold.*' These are not the characters which make for success 
in the struggle for existence. 

We must briefly refer here to the view^s — ^much discussed in the 
last decade— of II. de Vri^, who l>eliev€S that the roots of trans- 
formation must be sought for in saltatory vo/Hatioris arising from 
internal eausesy and distinguishes such mutatimiSj as he has called 
tliem, from ordinary individual variations, in that they breed true, 
that is, with strict inbreeding they are handed on pure to the next 
generation. I have elsewhere endeavoured to point out the weak- 
nesses of this theory^, and I am the less inclined to return to it here 
that it now appeal's® that the far-reaching conclusions diwm by 
de Vries from his observations on the Evening Prinu'osc, Oenothera 
la^nareMa^ia, rest upon a very insecure foundation. The plant fi'om 
which de Vries saw numerous species** — his mutations'*— arise 
was not, as he assumed, a mid species that had been introduced to 
Europe from America, but was probably a hybrid fonn which was 
first discovered in the Jardin des Plantes in Paris, and which does 
not appear to exist auj^vhere in America as a wild speciea 

Tliis gives a severe shock to the ** Mutation theory," for the other 
actually wild species with which de Vries exi>erimcntcd showed no 
“mutations" but yielded only negativ^e results, 

Tims we come to the conclusion that Darwin® was right in regard- 
ing transformations as taking place by minute steps, which, if useful, 

^ Vortmgi ilher DescendenztMorU^ Jena, 1904, u. 269. Eng, TransL Loodon, 1904, n. 

p. m. 

^ See Poulton, Emays on Evolution^ Oxford, 1908, pp, xix— xxii. 

* Origin of Species (6th edit,), pp, 17S et seq. 
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are augmented in the course of innumerable generations, because 
their possessors more frequently survive in the struggle for existence. 



(^) Sdeetion-value of the initial 

Is it x>oasible that the significant deviations which we know as 
^^ndividual variations'' can form the beginning of a process of 
selection ? Can they decide which is to perish and which to survive? 
To use a phrase of Romanes, can they have seleetion-vahm ? 

Darwin himself answered this question, and brought together 
many excellent examples to show that differences, apparently in- 
significant because very small, might be of decisive importance for 
the life of the possessor. But it is by no means enough to bring 
forward cases of this kind, for the question is not merely whether 
finished adaptations have selection- value, but whether the first be- 
ginnings of these, and wlmther the small, I might almost say minimal 
increments, which have led up from these beginnings to the perfect 
adaptation, have also had selection-value. To this question even one 
who, like myself, has been for many years a convinced adherent of 
the theory of selection, can only reply : We mmt assume so, but we 
cmmot prove it in amj ease* It is not upon demonstrative evidence 
that we rely when we champion the doctrine of selection as a 
scientific truth; we base our argument on quite other grounds. 
Undoubtedly there are many apparently insignificant features, which 
can nevertheless l>e sho^m to be adaptations — for instance, the thick- 
ness of the basin-shaped shell of the limpets that live among the 
breakers on the shore. There can be no doubt that the thickness 
of these shells, combined with their flat form, protects the animals 
from the force of the waves breaking upon them,^ — but how have 
they become so thick ? Wliat proportion of thickness was sufficient 
to decide tliat of two variants of a limpet one should suiwive, the 
other be eliminated? We can say nothing more than that we infer 
from the present state of the shell, that it must have varied in regard 
to differences in shell-thickness, and that these differences must liave 
had selection-value,~no proof therefore, but an assumption which we 
must show to be convincing. 

For a long time the marvellously complex radiate and lattiee- 
imrh skeletons of Radiolarians were regarded as a mere outflow 
of “Nature's infinite wealth of fonn," as an instance of a purely 
morphological character with no biological siguiflcaoce. But recent 
investigations have sho^vn that these, too, have an adaptive signifi- 
cance (Hacker).^ The same tiling has been shown by Schiitt in regard 
to the^lowlyfumcellular plants, the Peridineae, which abound alike 
oiijthe surfacelbf;|the|ocean and in its depths. '^It has been shown 
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that the long skeletal processes which grow out from these organisms 
have significance not merely as a supporting skeleton, but also as an 
extension of the superficial area, which increases the contact with 
tlie water-particles, and prevents the floating organisms from sinking. 
It has been established that the processes are considerably shortei* 
ill the colder layers of the ocean, and that they may be twelve times 
as long^ in the warmer layers, thus corresponding to the greater or 
smaller amount of friction which takes place in the denser and less 
dense layers of the water. 

The Peridiiieae of tlie warmer ocean layers have thus become 
long-rayed, those of the colder layers short-rayed, not through the 
direct effect of fi^iction on the protoplasm, but tht^ough processes 
of selection, whicli favoured the longer rays in warm water, since 
they kept the organism afloat, while those with short rays sank 
and were eliminated. If we put the question as to selection-value 
in tliis case, and ask how gi-eat the variations in the length of 
processes must be in order to possess selection-value j what can we 
answer except that these variations must have been miniinal, and 
yet sufficient to prevent too rapid sinking and consequent elimina- 
tion ? Yet this very case would give the ideal opportunity for a 
mathematical calculation of the minimal selection-value, although 
of course it is not feasible from lack of data to carry out the actual 
calculation. 

But even in organisms of more than microscopic size there must 
frequently be minute, even microscopic differences which set going 
the process of selection, and regulate its progress to the highest 
ix)ssible perfection. 

Many tropical trees possess thick, leathery leaves, as a protection 
against the force of the tropical raindrops. The direct influence of 
the rain cannot be the cause of this power of resistance, for the 
leaves, while they were still thin, would simply have been tom to 
pieces. Tlieir toughness must therefore be referred to selection, 
whicli would favour the trees with slightly thicker leaves, though 
we cannot calculate with any exactness how gi'eat the first stages 
of increase in thickness must have been. Our hypothesis receives 
further support from the fact that, in many such trees, the leaves 
a!*e drawn out into a beak-like prolongation (Stahl and Haberlandt) 
which facilitates the rapid falling off of the rain water, and also 
from the fact that the leaves, while they are still young, hang 
limply down in bunches which offer the least possible resistance to 
the rain. Thus there are here three adaptations which can only be 
interpreted as due to selection. The initial stages of these adaptations 
must undoubtedly have had selection- value. 

> Chun, der FdMma, Iieipzig, 1904. 
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But even in regard to this case we are reasoning in a circle^ not 
giving “ proofs/' and no one who does not wisli to believe in the 
selection-value of the initial stages can be forced to do so. Among 
the many pieces of presumptive evidence a particularly weighty one 
seems to me to be the smallness of the steps of progress which we 
can observe in certain cases, as for instance in leaf-imitation among 
butterflies, and in mimicry generally. The resemblance to a leaf, 
for instance of a particular Kallima, seems to us so close as to be 
deceptive, and yet we find in another individual, or it may be in 
many others, a spot added which increases the resemblance, and which 
could not have become fixed unless the increased deceptiveness so 
produced had freqiieiitl3"led to the overlooking of its much persecuted 
possessor. But if we take the selection-value of the initial stages for 
granted, we are confronted with the further question which I myself 
formulated many years ago : How does it happen thit the meessanf 
beginnings of a mefid variaiion are akmys prese^d? How could 
insects which live upon or among green leaves become all green, 
while those that live on bark become browm ? How have the desert 
animals become yellow and the Arctic animals white? Why were 
the necessary variations alwa^^s present ? How could the gi'cen locust 
lay brown eggs, or the privet caterpillar develop white and lilac- 
coloured lines on its green skin? 

It is of no use answering to this that the question is wrongly 
fonnuJated^ and that it is the coiivei'se that is tme; that the 
process of selection takes place in accordance witli the variations 
that present themselves, lliis proiK)6ition is iiiideiiiably true, but so 
also is another, which apparently negatives it: the variation required 
has in the majority of cases actually presented itself. Selection can- 
not solve this contradiction ; it does not call forth the useful variation, 
but simply works upon it-. Tlie ultimate reason why one and the 
same insect should occur in green and in brown, as often happens in 
caterpillars and locusts, lies in the fact that variations towards brown 
prasented themselves, and so also did variations towards green : tim 
hernel of the riddle lies in die varying^ and for the present w e can 
only say, that small variations in different directions present them- 
selves io everj^ species, Othenvise so many different kinds of 
variations could not have arisen. I have endeavoured to explain 
this remarkable fact by means of the intimate processes that must 
take place within the gcnn-plasm, and I shall return to the problem 
when dealing wuth “germinal selection/' 

We have, however, to make still greater demands on variation, 
for it is not enough tliat the necessary variation should occur in 
isolated individuals, because in that case there would be small 

1 Plate, Selektimwprinzip u. FrohUtni der Artbildung (3rd edit.), Leipzig, 1008. 
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prospect of its being preserred, notwithstanding its utility. Darwin 
at first believed, that even single variations might lead to trans- 
formation of the species, but later he became convinced that this was 
impossible, at least without the cooperation of other factors, such as 
isolation and sexual selection. 

In the case of the grem caterpiMars with bright longitudinal 
stripes, numerous individuals exhibiting this useful variation must 
have been produced to start with. In all higher, that iSj multicellular 
organisms, the germ-substance is the source of all transmissible 
variations, and this germ-plasm is not a simple substance but is made 
up of many primary constituents. The question can therefore be 
more precisely stated thus: How does it come about that in so many 
cases the useful variations present themselves in numbers just where 
they are required, the white oblique lines in the leaf-caterpillar on 
the under surface of the bo<ly, the accompanying coloured stripe.s 
just above them ? And, further, how has it come about that in grass 
catci-pillars, not oblique but longitudinal stripes, which are more 
effective for concealment among grass and plants, have been evolved ? 
And finally, how is it that the same Hawk-moth caterpillars, which 
to-day show oblique stripes, possessed longitudinal stripes in Tertiary 
times ? We can read this fact from the history of their development, 
and I have before attempted to show the biological significance of 
this change of colour*. 

For the present I need only draw the conclusion that one and 
the same caterpillar may exhibit the initial stages of both, and that 
it depends on the manner in which these marking elements are 
inteimfied and combined by natural selection whether whitish longi- 
tudinal or oblique stripes should result. In this case then the 
“useful variations” were actually “always there,” and we see that 
in the same group of Lepidoptera, e.g. species of Sphiiigidae, evolu- 
tion lias occurred in both directions according to whether the form 
lived among grass or on broad leaves with oblique lateral veins, and 
wc can observe even now that the species with oblique stripes have 
longitudinal stripes when young, that is to say, while the stripes 
liave no biological significance. The w'hite places in the skin which 
gave rise, probably first as small spots, to this protective marking 
could be combined in one way or another according to the require- 
ments of the species. They must therefore either have possessed 
selection-value from the first, or, if this w^as not the case at their 
earliest occurrence, there must have been so^ne other factors which 
raised them to the point of selection-value. I shall return to this in 
discussing germinal selection. But the case may be followed still 

^ SUtdien tur Dticendenz-TheorU Enstehung der Zeichnung bsi den Sohmetter- 

lingB-ranpen,” Leipzig, 1876. 
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farther^ and leads ns to the same altcnmtive on a still more secure 
basis. 

Many years ago I observed in caterpillars of Smerhithus p<ypuli 
(the poplar hawk-mothX ndiich also possess white oblique stripes, 
that certain mdividuals showed red spots above these stripes ; these 
spots occurred only on certain segments, and never 0owed together 
to form continuous stripes. lu another species tUiae) 

similar blood-red spots unite to fonn a line-like coloured seam in 
the last stage of larval life, while in S* ocellata rust-red spots appear 
in individual caterpLUars, but more rarely than in & popnl% and they 
show no tendency to flow togethen 

Thus we have here the origin of a new character, arising from 
small beginnings, at least in in which species the coloured 

stripes are a normal specific character. In the other species, B* pop^i 
and S. oceUaia^ we find the beginnings of the same variation, in one 
more rarely than in the other, and we can imagine that, in the course 
of time, in these two species, coloured lines over tlie oblique stripes 
will arise. In any case these spots are the elements of variation, out 
of which coloured lines may be evolved, if they are combined in this 
direction through the agency of natural selection. In S» popvli the 
siK>ts are often small, but sometimes it seems as though several had 
united to form large spots. ^Vhether a process of selection in this 
direction will arise in S. impiili and oeeUat% or whether it is now 
going on camiot be determined, since we cannot tell in advance what 
biological value the marking might have for these two species. It is 
conceivable that the spots may have no selection-value as far as 
these species are concerned, and may therefore disappear again in 
the course of phylogeny, or, on the other hand, that they may be 
changed in another direction, for instance towards imitation of the 
rust-red fungoid patches on poplar and willow leaves. In any case 
we may regard the smallest spots as the initial stages of variation, 
the larger as a cumulative summation of these. Therefore either 
these initial stages must ali*eady possess selection-value, or, as I said 
before : There mmt be some other reason for their cumidaUve sum- 
matio^L I should like to give one more example, in which w^e can 
infer, though we cannot directly observe, the initial stages. 

All the Holothurians or sea-cucumbers have in the skin calcareous 
bodies of different forms, usually thick and irregular, which make the 
skin tough and resistant. In a small group of them — ^the species of 
Synapta — the calcareous bodies occur in the fomi of delicate anchors 
of mici’oscopic size (Figs. A, B). Up till 1897 these anchors, like 
many other delicate microscopic structures, were regarded as 
curiosities, as natural marvels. But a Swedish observer, Oesteigren, 
has recently shown that they have a biological significance : they 
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serve the footless Synapta as auxiliary oi^ana of locomotion, since, 
when the body swells up in the act of creeping, they press firmly with 
their tips, which are embedded in the skin, against the substmtuin 
on which the animal creeps, and thus prevent slipping backwards. 
In other Holothurians this slipping is made impossible by the fixing 




Anchor (o) and basal .plate (6) of Synapta lappa. Length of anchor = 0*35 nxm. 
(After Oeetergreu, Zool. Anmger, xx. 1837,) 




Anchor (a) and hassl-plate (b) in side-view (after Oestergien). 



of the tubc-fect. Tlie anchors act automatically, sinking their tips 
towards the ground when the corresponding part of the body 
thickens, and returning to the original position at an angle of 46 ° to 
the upper surfitcc when the part becomes thin again. The arms 
of the anchor do not lie in the same plane as the shaft, and thus 
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the curve of the arms fonns the outermost part of the auchorj and 
offers no fiirther resistance to tlie gliding of the aniinaL Every 
detail of the anchor, the curved portion, the little teeth at the head, 
the arms, etc., can be interpreted in the most beautiful way, above all 
the form of the anchor itself, for the two anus prevent it from 
swaying round to the side. The position of the anchoi^, too, is 
definite and significant ; they lie obliquely to the longitudinal axis of 
the animal, and therefore they act alike whether the animal is 
creeping backwards or forwards. Moreover, the tips would pierce 
through the skin if the anchors lay in the longitudinal direction* 
Synapta burrows in the sand ; it first pushes in the thin anterior end, 
and thickens this again, thus enlarging the hole, then the anterior 
tentacles displace more sand, the body is worked in a little farther, 
and the process begins anew. In the first act the anchors are passive, 
but they begin to take an active share in the forw'ard movement when 
the body is contracted again. Frequently the animal retains only the 
posterior end buried in the sand, and then the anchors keep it in 
position, and make rapid withdrawal possible. 

Thus we have in these apparently random forma of the calcareous 
IxKlies, complex adaptations in which every little detail as to direction, 
curve, and pointing is exactly detennined* That they have selection- 
value in their present perfected form is l>eyond all doubt, since the 
animals are enabled by means of them to bore rapidly into the 
ground and so to escape from enemies. We do not know what 
the initial stages were, but we cannot doubt that the little improve- 
ments, which occurred as variations of the originally simple slimy 
bodies of the Holothurians, were preserved because they already 
[losscssed selection-value for the Synaptidae. For such minute 
microscopic structures whose form is so delicately adapted to the 
role they have to play in the life of the animal, cannot have arisen 
suddenly and as a whole, and every new variation of the anchor, that 
is, in the direction of the development of the two arms, and every 
curving of the shaft which prevented the tips from projecting at the 
M rong time, in short, every little adaptation in the modelling of the 
anchor must have ix)ssesscd selection-value. And that such minute 
clianges of form fall within the sphere of fluctuating variations, that 
is to say, that they occur is beyond all doubt 

In many of the Synaptidae the anchors are replaced by 
calcareous rods bent in the form of an S, which are said to 
act in the same Others, such as those of the genus 

Ankyi^oderma, have anchors which project considerably beyond the 
skin, and, according to Oestergreu, serve ''to catch plant-particles 
and other substances '' and so mask the animal. Thus we see that 
in the S}uiaptidae the thick and iiTegular calcaieous bodies of the 
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Holotbui’ians have been modified and traiisformetl in various ways 
ill adaptation to the footlessneas of these animals, and to the peculiar 
conditions of their life, and we must conclude that the earlier stages 
of those changes presented themselves to the processes of selection 
in the form of microscopic variations. For it is as impossible to 
think of any origin other than through selection in this case as in 
the case of the toughness, and the “ drip-tips ” of tropical leaves. 
And as these last could not have been produced directly by the 
licating of the heavy rain-drops uikui them, so the calcareous anchors 
of Synapta cannot have been produced directly by the friction of the 
sand and mud at the bottom of the sea, and, sinee they are parts 
whose function is passive tlie Lamarckiau factor of use and disuse 
does not come into (luestioii. Tlie conclusion is unavoidable, that 
the microscopically small variations of the calcareous bodies in the 
ancestral forms have been intensified and accumulated in a iiarticular 
direction, till they have led to the formation of the anchor. Whether 
this has taken place by the action of natural selection alone, or 
whether the laws of variation and the intimate processes within the 
germ-plasm have cooperated will become clear in the discussion of 
genninal selection. ITiis whole process of adaptation has obviously 
taken place within the time that has elapsed since this gi-oup of 
sea-cucumbers lost their tulm-feet, those characteristic organs of 
locomotion which occur in no group except the Echinodems, and 
yet have totally disappeared in the Synaptidae. And after all what 
would animals that live in sand and innd do witl\ tube-feet? 

(7) Coadaptation. 

Darwin pointed out that one of the essential differences between 
artificial and natural selection lies in the fact that the former can 
modify only a few characters, usually only one at a time, while 
Nature preserves in the stru©;le for existence all the variations of 
a species, at the same time and in a purely mechanical way, if they 
posse&s selection-value. 

Herbert Spcnccr, though himself an adherent of the theory of 
selection, declared in the beginning of the nineties that in his opinion 
the range of this principle was ^eatly over-estimated, if the great 
changes which have taken place in so many organisms in the course 
of ages are to be interpreted as due to this process of selection alone, 
since no transfonnation of any importance can be evolved by itself ; 
it is always accompanied by a host of secondary changes. He gives 
the famCiar example of the Giant Stag of the Irish peat, the 
enormous antlers of which required not only a much stronger skull 
cap, but also greater strength of the sinews, muscles, nerves and 
bones of the whole anterior half of the animal, if their mass was not 
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to weigh down the animal altogctiier. It is inconceivable, he says, 
that so many processes of selection should take place aifnultaneou^yf 
and we are tlicrefore forced to fall back on the Lamarckian factor of 
the use and disuse of functional jwrts. And how, he asks, could 
natural selection follow two opiwsite directions of evolution in 
dift'erent parts of the body at the same time, as for instance iti the 
case of the kangaroo, in whic)» the forelegs must have become 
sliorter, while the liind 1^ and the tail were becoming longer and 
stronger ? 

Spencer’s main object was to substantiate the validity of the 
Lamarckian principle, the cooperation of which with selection had 
been doubted by many. And it docs seem as though this principle, 
if it operates in nature at all, offers a ready and simple explanation 
of all such secondary variations. Not only muscles, but nerves, bone.s, 
sinews, in short all tissues which function actively, increase in strength 
ill proportion as tliey arc used, and oonvcrsely they decrease when 
Uie claims on them diminish. All the parts, therefore, which dejKjnd 
on the part tliat varied first, as for instance the enlarged antleiTS of the 
Irish Elk, must have been increased or decreased in strength, in 
exact proportion to the claims made upon them,— just as is actually 
the case. 

But beautiful as this explanation would be, I regard it as un- 
tenable, because it assumes the irammi^ibitity of fitiwUonal modi- 
ficatiom (so-calleti “acqtiire<l’' characters), and this is not only 
iindemon-stmblo, but is scarcely theoretically conceivable, for the 
secondary variations which accompany or follow the first a-s corre- 
lative variations, occur also in cases in which the animals concerned 
are sterile and therefore connot tronsmit anything to their der- 
scendante. This is true of worker bm, and iwrticularly of ««fe, and 
I shall here give a brief survey of the present state of the problem as 
it appears to me. 

Much has been written on l>oth sides of this question since the 
publishetl controversy on the subject in the nineties between Herbert 
Silencer and myself. I should like to return to the matter in detail, 
if the siiace at my disposal iicriuittcd, because it seems to me that 
the arguments 1 advanced at that time arc equally cogent to-day, 
notwitJistanding all the objections that have since b^n urged against 
Uiem. Moreover, the matter is by no means one of subordinate 
interest ; it is tlie very kernel of the whole question of tlie reality 
and value of the principle of selection. For if selection alone docs 
not suffice to explain “haTvwnioue ad/iptoiion" as I have called 
Silencer’s Coadaptation, and if we require to call in the aid of the 
Lamarckian factor it would be questionable whether selection could 
e.vplain any adaptations whatever. In this particular case— of worker 
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bees — the Lamarckian factor may be excluded altogether, for it can 
be demonstrated that here at any rate the effects of use and disuse 
cannot be transmitted. 

But if it be asked why we are umviHing to admit the cooperation 
of the Darwinian factor of selection and the Lamarckian factor, since 
this would afford us an easy and satisfactory explanation of the 
phenomena, I answer ; Becanm the Lmruirdmm primiplo w 
fall<tckms^ and hccmisc by accepting U doMi the ^vay tmmrds 
deeper mdghL It is not a spirit of combativencss or a desire for 
selL^dndication that induces me to take the field once more against 
Uie Lamarckian principle, it is the coiiTictioii that the progress of 
our knowledge is being obstructed by the aceeptance of this faltacious 
principle, since the facile explanation it api>areutly affoixls prevents 
our seeking after a truer explanation and a deej>er analysis. 

The workers in the various si>ccies of ants are sterile, that is 
to say, they take no regular (lart in the reproduction of the si>ecics, 
although individuals among them may occasionally lay eggs^ In 
addition to this they have lost the wings, and the rtcepUicidum 
and their compound eyes have degenerated to a few facets. 
How could this last change have come alxuit through disuse, since 
the eyes of workers are cx()osed to light in the sa\nie way as are those 
of the sexual insects and thus in this particular ci\sc are not liable to 
disuse at all? Ihe same is true of the recepiueuluni which 

can only have been disused as far as its glandular portion and its 
stalk arc concerned, and also of the wings, the nerves ti*acheae and 
epidemal cells of which could not cease to function until the whole 
wing had degenerated, for the chi ti nous skeleton of the wing does 
not function at all in the active sense. 

But, on the other hand, the w^orkers in all s|>eeies have undergone 
modifications in a positive direction, as, for ingtance, the greater 
development of brain. In many 8i>©eies large workers have evolved, 
— tJie so-called mldicre^ with enormous jaws and teetli, which defend 
Uie colony, — and in others there arc small workers which have taken 
over other special functions, such as the rearing of the young AphideaL 
lliis kind of division of the w'orkers into two castes occurs among 
several tropical siiecics of ants, but it is also pixjsent in the Italian 
si>ccics, Colobopsis trnncala. Jteautifully as the sisic of the jaws 
could be explained as due to the increased use made of them by the 
'' soldiers," or the cnlaigc<l brain as due to the mental activities of 
the workers, the fact of the infertility of those fonm is an insur- 
mountable obstacle to accepting such an explanation. Neither jaws 
nor bmin can have been evolved on the Lamarckian principle. 

The problem of coadaptation is no easier in the case of the ant 
than in the case of the Giant Stag. Darwin himself gave a pretty 
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illustration to show how imposing the difference between the two 
kinds of workers bi one species would seem if we translated it into 
human terms. In regard to the Driver ants (Anorama) wc must 
picture to ourselves a piece of work, "for instance the building of 
a house, being carried on by two kinds of workers, of which one group 
was five feet four inches high, the other sixteen feet high 

Although the ant is a small animal as compared with man or with 
the Irish Elk, the “soldier" with its relatively enormous jaws is 
hardly less heavily burdened than the Elk with its antlers, and in 
tlic ant's case, too, a strengthening of the skeleton, of the muscles, 
the nerves of the head, and of the legs must have taken place parallel 
with the enlargement of the jaws. Harmoniott» adaptation (co- 
adaptation) has here been active in a high degree, and yet these 
“ soldiers " are sterile I Tiiere thus remains nothing for it but to 
refer all their adaptations, positive and negative alike, to processes 
of selection which have taken place in the rudiments of the workers 
within the egg and sperm-cells of their parents. There is no way out 
of the difficulty except the one Darwin pointed out lie hijnself did 
not find the solution of the riddle at once. At first he believed that 
the case of the workers among social insects presented "the most 
serious special difficulty" in the way of his theory of natural selection ; 
and it was only after it had become clear to him, that it was not the 
sterile insects themselves but their parents that were selected, 
according as they produced more or less well adapted workers, that 
he was able to refer to this very case of the conditions among ants 
“ i/i order to skoio thepoiver o/jialural seiectionV He explains his 
view by a simple but interesting illustration. Gardeners have pro- 
duced, by means of long continued artificial selection, a variety of 
Stock, which bears entirely double, and therefore infertile flowers®. 
Nevertheless the variety continues to be reproduced from seed, 
because, in addition to the double and infertile flowers, tho seeds 
always produce a certain number of single, fertile blossoms, and these 
are used to reproduce the double variety. These single and fertile 
plants correspond “to the males and females of an ant^colony, the 
infertile plants, which are regularly produced in large numbers, to 
the neuter workers of the colony." 

This illustration is entirely apt, the only difference between the 
two cases consisting in the fact that the variation in the flower is not 
a useful, but a disadvantageous one, which can only be preserved 
by artificial selection on the part of the gardener, while the trans- 
formations that have taken place parallel with the sterility of tlie 
ants are useful, since they procure for the colony an advantage in 

^ Origin of Species (6th edit,), p, 232. 

^ Origin of Species, p, 233 ; eee n\m edit, 1, p, 242, ^ Ibid, p, 230. 
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the struggle for existeuce, and they are therefore preserved by 
uatural selection. Even the sterility itself in this case is not dis- 
advantageous, since the fertility of the true females has at the same 
time considerably increased. We may therefore regard the sterile 
forms of ants, which have gradually been adapted in sevural directions 
to varying functions, a$ a certain proof that selection really takes 
place in the germ-cells of the fathers and mothers of tho workers, 
and that specM complexes of prhmrdia (id&) are present in the 
workers and in the males and females, and these complexes contain 
the primordia of the individual i>arte (rfeternmiunfo). lint since 
all living entities vary, the detemiinanta miist also vary, now in a 
favourable, now in an unfavourable direction. If a female produces 
e^, which contain favourably varying determinants in the worker- 
ids, then these eggs will give rise to workers modified in the favourable 
direction, and if this hapjams with many females, the colony 
concerned will contain a better kind of worker than other colonics. 

1 digress here in order to give an account of the intimate pro- 
cesses, which, according to my view, take place within the germ- 
plasm, and which I have called **germi}tal sdeetion'' These processes 
are of importance since they form the roots of variation, which in 
its turn is the root of natural selection. 1 cannot here do more 
than give a brief outline of the theory in order to 8ho^v how tho 
Darwin-Wallacc theory of selection has gained supjmrt from it. 

With others, I regard the minimal amount of siibsbuice which is 
contained within the nucleus of the germ-cells, in the form of rods, 
bands, or granules, as the germ-mhitame or gemi-^plasm, and I call 
the individual granules ide. There is always a multiplicity of such 
ids present in the nucleus, either occurring individually, or united in 
the fonn of rods or bands (chromosomes). lilach id contains the 
primai'y constituents of a ivlwlo individual, so that several ids are 
concerned in the development of a new individual. 

In every being of complex structure thousands of primary con- 
stituents must go to make up a single id ; these 1 call detemiina^iis, 
and I mean by this name very small individual particles, far below tho 
limits of microscopic visibility, vital units which feed, grow, and 
multiply by division. These determinants control the jmrts of the 
developing embryo, — in wbat maimer need not here conceni us. The 
determinants differ among themselves, those of a muscle are diflerently 
constituted from those of a nerve-cell or a glandular cell, etc., and 
every determinant is in its turn made up of minute vital units, which 
I call biophors, or the bearers of life. According to my view, these 
determinants not only assimilate, like every other living unit, but they 
vary in the course of their growth, as every living unit does ; they 
may vary qualitatively if the elements of which they arc composed 
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var}\ they may grow and divide more or less rapidly, and their 
variations give rise to earre^ondmg variations of the organ, cell, 
or cell-group which they determine. That they are undergoing 
ceaseless tiuctnatioirs in regard to size and quality seems to me the 
inevitable consequence of their unequal nutrition ; for although the 
germ-cell as a whole usually receives sufficient nutriment, minute 
fluctuations in the amoiuit carried to diflerent parts within the 
genn-plasm cannot fail to occur. 

Now, if a determinant, for instance of a sensory cell, receives for a 
considerable time more abundant nutriment than before, it ^vill grow 
more rapidly — become bigger, and divide more quickly, and, later, 
when the id concerned develops into an embryo, this sensory cell will 
become stronger than in the parents, possibly even twice as strong. 
This is an instance of a JmredUaTy indityidwal variation^ arising from 
the germ. 

The nutritive stream which, according to our hypotheeis, favours 
the determinant N by chance, that is, for reasons unknown to us, may 
remain strong for a considerable time, or may decrease again ; but 
even in the latter case it is conceivable that the ascending movement 
of the determinant may continue, Ixjcaiise the strengthened deter- 
nnnant now actively nourishes itself more abundantly — that is to say, 
it attracts the nutriment to itself, and to a certain extent withdraws 
it from its fellow-determinants. In this way, it may — as it seems to 
me — get into permnnent ttptcard movementy and attain a deg^ree of 
strength from which there is no fallmg back Tlien positive or 
negative selection sets in, favouring the variations which are ad- 
vantageous, setting aside those which are disadvantageous. 

In a similar manner a dmmiward variation of the determinants 
may take place, if its progress be started by a diminished flow of 
nutriment The determinants which arc weakened by this diminished 
flow will have less affinity for attracting nutriment because of their 
diminished strength, and they will assimilate more feebly and grow 
more slowly, unless chance streams of nutriment help them to recover 
themselves. But, as will presently be showTi, a change of direction 
cannot take place at every stage of the degenerative process. If a 
certain critical stage of downward progress be passed, even favourable 
conditions of food-supply will no longer suffice permanently to change 
the direction of the variation. Only two eases are conceivable ; if the 
determinant corresponds to a mefd organ, only its removal can bring 
back the germ-plasm to its former level ; therefore personal selection 
removes the id in question, with its detenninants, from the germ- 
plasm, by causing the elimination of the individual in the struggle for 
existence. But there is another conceivable case ; the determinants 
concerned may be those of an organ which has become tmlesSy and 
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they will then contimie unobstructed, but with exceeding slowness, 
along the downward path, until the organ becomes vestigial, and 
dnally disappears altogether. 

The fluctuations of the determinants hither and thither may thus 
be transformed into a lasting ascending or descending movement ; 
and tJiU u the crimal point of these germinal processes. 

This is not a fantastic assumption ; we can read it in the fact 
of the degeneration of disused parts. Useless organs are the onlg 
ones roMch are not helped to asoeiul again hy personal sdeetion, and 
therefore in their case ah>ne can toe form any idea of how the 
prinuiry co)islitnenis behave, when they are subject soldy to iiUra>- 
germinal forces. 

The whole determinant system of an id, as I conceive it, is in 
a state of continual fluctuation upwards and downwards. In most 
cases tlie fluctuations will counteract one anotlicr, because the passive 
streams of nutriment soon change, but in many cases the limit from 
which a return is possible will Ije {lasscd, and then the determinants 
concerned will continue to vary in the same direction, till they attain 
positive or negative selectioti-valuc. At this stage {icrsonal selection 
intervenes and sets aside the variation if it is disadvantageous, or 
favoum — that is to say, preserves— it if it is advantageous. Only 
the deteiminant of a itsekss organ is uninjiuenced by personal 
selection, and, as experience shows, it sinks dowiwarda; that is, the 
organ that coircsiwnds to it degenerates very slowly but uninter- 
ruptedly till, after wliat must obviously he an immense stretch of 
time, it disappears from the germ-plasm altogether. 

Thus w'o find in the fact of the degeneration of disused parts the 
proof that not all the fluctuations of a determinant return to equili- 
brium again, but that, when the movement has attained to a certain 
strength, it continues in (he same direction. We have entire certainty 
in regard to this as far as the downward progi'ess is concerned, and 
we must assume it also in regard to ascending variations, as the 
phenomena of artificial selection certainly justify us in doing. If the 
Japanese breeders were able to lengthen the tail-feathers of the cock 
to six feet, it can only have been because the determinants' of the 
tail-feathers in the germ-plasm had already struck out a path of 
ascending variation, and this movement was taken advantage of by 
the breeder, who continually selected for reproduction the individuals 
in which the ascending variation was most marked. For all breeding 
depends upon tlic unconscious selection of germinal variations. 

Of course these germinal processes cannot be proved mathemati- 
cally, since we cannot actually see the play of forces of the passive 
fluctuations and their causes. We cannot say howgi’cat these fluctua- 
tions are, and how quickly or slowly, how regularly or irregularly they 
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change. Nor do we know how far a determioant must be strengthened 
by the passive flow of the nutritive stream if it is to be beyond the 
danger of unfavourable variations, or how far it must be weakened 
passively before it loses the power of recovering itself by its own 
strength. It is no more possible to bring forward actual pi-oofe in 
this case than it \vae in regard to the selection-value of the initial 
stages of an adaptation. But if we consider tliat all heritable varia- 
tions must have their roots in the germ-plasm, and further, that when 
personal selection does not intervene, that is to say, in the ease of 
jjarts which have become useless, a degeneration of the part, and 
therefore also of its determinant must inevitably take place ; then we 
must conclude that processes such as I have assumed are running 
their course within the gcnu-plasni, and we can do this with as much 
certainty as we were able to infer, from the phenomena of adaptation, 
the selection-value of tlieir initial stages* The fact of the degeneration 
of disused jmrts seems to me to afford irrefutable proof that the 
fluctuations within the germ-plasm are the real root of aU hereditary 
vaHation^ and the preliminary condition for the occurreiice of the 
Darwin-Wallacc factor of selection. Germinal selection supplies the 
stones out of which jKjrsoiml selection builds her temples and palaces; 
adaptat ions. The importance for the theory of the process of degenera- 
tion of disused jmrts cannot l>e over-estimated, especially when it 
occults in sterile animal foms, where we ate free fi’om the doubt as to 
the alleged Lamarcician factor which is apt to confuse our ideas 
in regard to other cases. 

If wc regard the variation of the many determinants concerned in 
the transformation of the female into the sterile worker as having 
come about through the giadnal transformation of the ids into 
worker-ids, ^ve shall see that the germ-plasm of the sexual ants must 
contain three kinds of ids, male, female, and worker ids, or if the 
workers have diverged into soldiers and nest-builders, then four 
kinds. We understand that the worker-ids arose because their 
determinants struck out a useful path of variation, whether upw^ard 
or downward, and that they continued in this path until the highest 
attainable degree of utility of the parts determined was reached* 
But in addition to the organs of positive or negative selection-value, 
there were some which were indifferent as far as the success and 
especially the functional capacity of the workers was concenied : 
wings, ovarian tul>es, reeeptaofdnm semmiSf a number of the facets of 
the eye, |>crhaps even the w'hole eye. As to the ovarian tubes it 
is possible that their degenemtion was an advantage for the workers, 
in saving energy, and if so selection would favour the degeneration ; 
but how could the presence of eyes diminish the usefulness of the 
workers to the colony ? or the minute reeeptamdmn semmis^ or even 
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the winga? These parts have therefore degenerated hecmm they 
were of no further -mine to the hmet But if selection did not 
influence the setting aside of these parts because they were neither of 
advantage nor of disadvanti^e to the species, then the Darwinian 
factor of selection is here confronted with a puzzle which it cannot 
solve alone, but which at once becomes clear when germinal selection 
is added. For the determinants of organs that have no further value 
for Uie organism, must, as we have already explained, embark on 
a gradual course of retrograde development 

In ants the degeneration has gone so far that there are no wing- 
rudiments present in any species, as is the case with so many butter- 
flies, flies, and locusts, but in the larvae the imaginal discs of the 
wings are still laid down. AVith regard to the ovaries, degenera- 
tion has reached diflerent levels in diScrent species of ants, as has 
been shown by the researches of my former pupil, Elizabeth Bickford. 
In many species there are twelve ovarian tubes, and they decrease 
from that number to one ; indeed, in one species no ovarian tube at 
all is present So much at least is certain fi'om what has been said, 
that iu this case everything dei>eiids ou the fluctuations of the 
elements of the genn-plasm. Gcnninal selection, here as elsewhere, 
presents the variations of the determinants, and personal selection 
favours or rejects these, or, — if it be a question of oi'gans which have 
Iwcome useless, — it does not come into play at all, and allows the 
tlesccnding variation free course. 

It is obvious that even the problem of coadaptution in eterile 
animals can thus be satisfactorily explained. If the detenuinants 
are oscillating upwards and downwards in continual fluctuation, and 
varying more pronouncedly now in one direction now in the other, 
useful variations of every determinant will continually present them- 
selves anew, and may, iu the course of generations, be combined with 
one another in various ways. But there is one character of the 
determinants that greatly facilitates this complex process of selection, 
that, after a certain limit has been reached, they go on varying in 
the same direction. From this it follows that development along 
a path once struck out may proceed without the continual interven- 
tion of personal selection. This factor only operates, so to speak, at 
the beipnning, when it selects the determinants which are varying in 
the right direction, and again at the end, when it is necessary to put 
a check upon further variation. In addition to this, enormously long 
jjeriods have been available for all these adaptations, as the very 
gra<lual ti'ansition stages between females and workers in many species 
plainly show, and thus this process of transformation loses the 
marvellous and mysterious character that seemed at the first glauce 
to invest it, and takes rank, without any straining, among the other 



(c) The Complete Work of Charles Darwin Online 



Organic SeUctim 41 

processes of selection. It seems to me tliat, from the facts that sterile 
animal fom^ can adapt themselves to new vital functions, their 
snperfluous parts degenerate, and the parts more used adapt them- 
selves in an ascending direction, those less iise<l in a descending 
direction, we must draw the conclusion that harmonious adaptation 
here comes about without the cooperation of the Lamarckian 
principle. This conclusion once established, however, we have no 
reason to refer the thousands of cases of harmonious adaptation, 
which occur in exactly the same way among other animals or plants, 
to a principle, the acMve mterve^Uion of which m the tramforination 
of fpeciee is nowhere proved. We do not require U to explain the 
facts, ami therefore we not assume it. 

The fact of coadaptation, which was supposed to fiimish the 
strongest argument against the principle of selection, in reality yields 
the clearest evidence iu favour of it We must assume it, because no 
other possibility of explanatmi is open to us, and beea-tm time 
adaptations actually exist, that is to say, have really taken place. 
With this conviction I attempted, as far back as 1894, when the idea 
of genninal selection had not yet occurred to me, to make “harmonious 
adaptation” (coadaptation) more easily intelligible in some way or 
other, and so I was led to the idea, which was subsequently expounded 
in detail by Baldwin, and Lloyd Morgan, and also by Osborn, and 
Gulick as Orgamc Selection. It seemed to me that it was not 
necessary that all the germinal variations required for secondary 
variations should have occurred simultaneously, since, for instance, in 
the case of the stag, the bones, muscles, sinews, and nerves would be 
incited by the increasing heaviness of the antlers to greater activity 
in the individual life, and so would be etrengthened. The antlers 
can only have increased in size by very slow degrees, so that tlic 
muscles and bones may have been able to keep pace with their 
grou'th in the individual life, until the requisite germinal variations 
presented themselves. In this way a disharmony between the in- 
creasing weight of the antlers and the j>arts which support and move 
tliem would be avoided, since time would be given for the appropriate 
germinal variations to occur, and so to set agoing the hereditary 
variation of the muscles, sinews and bones’. 

I still regard this idea as correct, but I attribute leas importance 
to “organic selection” than I did at that time, in so far that I 
do not believe that it alone could effect complex harmonious adap- 
tations. Germinal selection now seems to me to play the chief part 
in bringing about such adaptations. Something the same is true of 
tlie principle I have called Pa/nmixia. As I became more and more 

* The Effect of External rnJftWNCW upon Development, Rouoftnea Lecture, Oxford, 
1894. 
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convinced, in the course of years, that the Lamarckian pi'inelple 
ought not to be called in to explain the divindliiig of disttsed jMvrts, 
I believed that this process might be simply explained as due to 
the cessation of the conservative effect of natural selection. I said to 
myself that, from the moment in which a part ceases to be of use, 
natural selection withdraws its hand from it, and then it must 
inevitably fall from the height of its adaptiveness, because inferior 
variants would have as good a chance of i>ersisting as better ones, 
since all grades of fitness of the part in question would be mingled 
with one another indiscriiuinatcly. This is undoubtedly true, as 
liomanes pointed out ten years before I did, and this mingling of the 
bad with the good probably does bring about a deterioration of the 
part coiicemod. But it cannot account for the steady diminution, 
which always occurs when a part is in process of booming rudi- 
mentary, and wliicli goes on until it ultimately disapi>cars altogether. 
Tlio process of dwindling cannot therefore be explained as due to 
j)anmixia alone ; we can only find a sufficient explanation in genninal 
selection. 

IV. Dbrivatives op the Theory op Selection. 

Tlie impetus in all directions given by Darwin through his tiieory 
of selection has been an immeasurable one, and its influence is still 
felt It falls within the province of the historian of science to 
enumerate all the ideas which, in the last quarter of the nineteenth 
century, grew out of Darwin’s theories, in the endeavour to penetrate 
more deeply into the problem of the evolution of the organic world. 
Within the narrow limits to which this paper is restricted, I cannot 
attempt to discuss any of these. 

V. Arguments for the reality op the pitocB.s.sEs 

OF SELECTION. 

(a) Sexual- Sdection- 

Sexual selection goes hand in hand with natural selection. Fi'om 
the very first 1 have reganled sexual selection as affording an ex- 
tremely important and interesting corroboration of natural selection, 
but, singularly enough, it is precisely against this theory that an 
adverse judgment has been prouounc^ in so many quarters, and it 
is only quite recently, and probably in proportion as the wealth of 
facte in proof of it iicnetratcs into a wider circle, that we seem to be 
approaching a more general recognition of this side of the problem 
of adaptation. Tlius Darwin’s words in his preface to tho second 
edition (1874) of his book, The Descent of Man and Sexual Selection, 
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are bemg justified: “My conviction as to the operation of natural 
selection remains unshaken,” and furtlier, “If natunilista were to 
become more lamiliar with the idea of sexual selection^ it would, 
I think, be accepted to a much greater extent, and already it is 
fully and favourably accepted by many competent judgea” Darwin 
was able to s])cak thus because he was already acquainted mth an 
immense mass of facts, which, taken together, yield overwhelming 
evidence of the validity of the principle of sexual selection* 

Natural selection chooses out for reproduetion the individuals 
that are best equipped for the struggle for existence, and it does so 
at every stage of development ; it thus improves the species in all its 
stages and forma Smmal sd^ion operates only on individuals that 
arc already capable of reproduction, and does so only in relation to 
the attainment of reproduction. It arises from the rivalry of one 
sex, usually the male, for the possession of the other, usually tlie 
female. Its influence can therefore only directly affect one sex, in 
that it equips it better for attaining possession of the other. But 
the effect may extend indirectly to the female sex, and thus the 
whole species may be modified, without, however, becoming any 
more capable of resistance in the struggle for existence, for sexual 
selection only gives rise to adaptations which are likely to give their 
possessor the victoiy over rivals in the struggle for possession of the 
female, and which are therefore [XK^uliar to the wooing sex : the 
manifold “secondary sexual charactera” Tlie diversity of these 
characters is so great that I cannot here attempt to give anything 
approaching a complete treatment of them, but I should like to 
give a sufficient number of examples to make the principle itself, in 
its various modes of expression, quite clear. 

One of the chief preliminary i>ostuIates of sexual selection is the 
unequal number of individuals in the two sexes, for if every male 
immediately finds his mate there can be no coini^etition for the 
possession of the female. Darwin has shown that, for the most part, 
the inequality between the sexes is due simply to the fact that there 
are more males than females, and therefore the males must take 
some pains to secni’e a mate. But the inequality does not always 
depend on the numerical prepondemnee of the males, it is often due 
to polygamy; for, if one male claims several females, the number of 
females in projjortion to the rest of the males will be reduced. Since 
it is almost always the males that arc the wooers, we must expect 
to find the occuiTence of secondary sexual characters chiefly among 
them, and to find it especially frequent in polygamous species. And 
this is actually the case. 

If we were to try to guess — without knowing the facts— what 
means the male animals make use of to overcome their rivals in 
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the struggle for the possession of the female, we might name many 
kinds of means, but it would he difficult to suggest any which is not 
actually employed in some arutnal group or other, I begin with the 
mere diftercuce in strength, through which the male of many animals 
is so sharply distinguished from the female, m, for instance, the lion, 
walrus, “ sea-dcphant,'' and others* Among these the males fight 
violently for the possession of the female, who falls to the victor in 
the combat In this simple case no one can doubt the operation of 
selection, and there is just as little room for doubt as to the selection- 
value of the initial stages of the variation, Differencas in bodily 
strength arc apparent even among human beings, although in their 
case the struggle for the possession of the female is no longer decided 
by IxKlily strength alone. 

Combats between male animals are often violent and ol>stinatc, 
and the employment of the natural weapons of the species in this 
way has led to i>crf 0 ctmg of these, e.g, the tusks of the l>oar, the 
antlers of the stag, and the enormous, antler-like jaws of the stag- 
beetle. Here again it is imj^ssible to doubt that variations in 
these organs presented themselves, and that these were considerable 
enough to be decisive in combat, and so to lead to the improvement 
of the w'capon* 

Among many animals, however, the femEdes at first w ithdraw from 
the males ; they are coy, and have to be sought out, and sometimes 
held by force. This tracking and grasping of the females by the 
males has given rise to many different characters in the latter, as, 
for instance, the larger eyes of the male bee, and especially of the 
males of the Ephemerids (May-flies), some si>eeiea of which show, in 
addition to the usual compound eyes, large, so-called turban-eyes, so 
that the w^hole head is covered w ith seeing surfaces. In these species 
the females are very greatly in the minority (1 — 100), and it is easy 
to undcratand that a keen competition for them must take place, and 
that, when the insects of both sexes are floating freely in the air, an 
unusually wide range of vision will carry with it a decided advantaga 
Here again the actual adaptations are in accordance with the pre- 
liminary ijostiilates of the theory. We do not know the stages through 
which the eye has jmssed to its present x>erfectcd state, but, since 
the number of simple eyes (facets) has become very much greater in 
the male than in the female, we may assume that their increase is due 
to a gradual duplication of the determinants of the ommatidium in 
the germ-plasm, as I have already indicated in regard to sense-organs 
in general. In this case, again, the selection-value of the initial 
staged hardly admits of doubt ; better vision direetty secures re- 
production. 

In many cases the organ of mmll shows a similar improvement 



© The Complete Work of Charles Darwin Online 



Sexual Selection 



45 



Many lower Criiataceaiis (Daphnidae) have better develot)ed organa 
of smell in the male sex. The differcuce is often slight and amounts 
only to one or two olfactory hlaments, but certain species show a 
difterence of nearly a hundretl of these filaments (Leptodora). Tl»o 
same thing occurs among insects. 

We must briefly consider the clasping or grasping organs which 
have developed in the males among many lower Crustaceans, but 
here natural selection plays its part along with sexual selection, for 
the union of the sexes is an indispensable condition for the main- 
tenance of the species, and as Darwin himself (minted out, in many 
ca.sc3 the two forms of selection merge into each other. This fact 
has always seemed to me to be a proof of natural selection, for, in 
regard to sexual selection, it is quite obvious that the victory of the 
best-equipped could have brought about the improvement only of 
the organs concerned, the factoi*s in tlie struggle, such as the eye and 
the olfactory organ. 

We come now to the exettmUs ; that is, to the group of sexual 
characters whose origin through processes of selection has been most 
frequently called in question. , We may cite the lave-eoMs produced 
by many male insects, such as crickets and cicadas. These could only 
have arisen in animal groHjw in which the female did not mpidly flee 
from the male, but was inclined to accept his wooing from the first. 
Thus, notes like the chirping of the male cricket serve to entice the 
females. At first they were merely the signal which showed the 
presence of a male in the neighbourhood, and the female was 
gradually enticed nearer and nearer by the continued chirping. The 
male that could make himself heard to the greatest distance would 
obUiin the largest following, and would transmit the beginnings, 
and, later, the improvement of his voice to the greatest number of 
descendants. But sexual excitement in the female became associated 
with the hearing of the love-call, and then the sound-producing oi-gan 
of the male began to improve, until it attaiiie^l to tlie emission of the 
long-drawn-out soft notes of the mole-cricket or the maenad-like cry 
of the cicadas. I cannot here follow the process of development in 
detail, but will call attention to the fact that the original purimse of 
the voice, the announcing of the male’s presence, became subsidiary, 
and the exciting of the female became the chief goal to be aimed 
at The loudest singers awakened the strongest excitement, and the 
improvement resulted as a matter of course. I conceive of the origin 
of bird-song in a somewhat similar manner, first as a means of en- 
ticing, then of exciting the female. 

One more kind of secondary sexual character must here be 
mentioned : the odour which emanates from so many animals at the 
breeding season, it is possible that this odour also served at first 
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merely to give notice of the presence of individuals of the otlier sex, 
but it soon became an excitant, and as the individuals which caused 
the greatest degi’ee of excitement were preferred, it reached as high 
a pitch of perfection as was possible to it I shall confine myself here 
to the comparatively recently discovered fragrance of butterflies. 
KSince Fritz Miiller found out that certain Brazilian butterflies 
gave off fragrance “like a flower/* we have become acquainted with 
many such cases, and we now know that in all lands, not only many 
diurnal Ijepidoptera but nocturnal ones also give ofi'a delicate odoiu', 
which is agreeable even to maiL Tlie ethereal oil to which this 
fragrance is due is secreted by the skin-cells, usually of the wing, as 
I showed soon after the discovery of the scent-smleB. This is the 
case in the males ; the females have no special scent-scales recog- 
nisable as such by their form, but they must, nevertheless, give off 
an extremely delicate fragrance, although our imperfect organ of 
smell cannot perceive it, for the males become aware of the presence 
of a female, even at night, from a long distance oflP, and gather round 
her. We may therefore conclude, that botli sexes have long given 
forth a very delicate perfume, which announced their presence to 
others of the same species, and that in many species {not in all) these 
small l)eginnings became, in the males, particularly strong scent-scales 
of characteristic form {lute, brush, or lyre-shapcdX At first these 
scales were scattered over the surface of the wing, but gmdually they 
concentrated themselves, and formed broad, velvety bands, or strong, 
prominent brushes, and they attained their highest pitcli of evolution 
when they became enclosed within pita or folds of the skin, which 
could be opened to let the delicious fragrance stream forth suddenly 
towards the femala Thus in this case also we see that chaimcters, 
the original use of which was to bring the sexes together, and so to 
maintain the species, have been evolved in the males into means for 
exciting the female. And w^e can hardly doubt, that the females are 
most readily enticed to yield to the butterfly that sends out the 
strongest fragrance, — that is to say, that excites them to the highest 
degree. It is a pity that our organs of smell are not fine enough 
to examine the fragrance of male Lepidoi>tera in general, and to 
compare it with other jierfumcs which attract these insects ^ As far 
as we can i>erceive them they resemble the fragi'ance of flowers, but 
there are Lepidoptera whose scent suggests musk. A smell of musk 
is also given off by seveml plants : it is a sexual excitant in the 
musk-deer, tlie imisk-sheep, and the crocodile. 

As far as we kiiow^, then, it is i)eifumes similar to those of flowers 
that the male Lepidoptera give off in order to entice their mates, 
and tills is a further indication that animals, like plants, can to a 
^ Sco Foul ton, on Evoftifion, 1908, pp. SL6, 317. 
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large extent meet the claims made ui>on tliom by life, and produce 
the adaptations which are most purposive, — a further proof, too, of 
my proposition that the useful variations, so to speak, are always 
there* The flowers developed the perfumes which entice their visitors^ 
and tlie male Lepidoptera developed the iKsrfumes which entice and 
excite their matea 

There are many pretty little problems to be solved in this con- 
nection, for there are insects, such as some flies, that are attracted 
by smells wliich are unpleasant to us, like those from decaying flesh 
and carrion. But there are also certain flowers, some orchids for 
instance, which give forth no very agreeable odour, but one which 
is to us repulsive and disgusting ; and we should therefore expect 
that the mal^ of such insects would give off a smell unpleasant 
to us, but there is no case ktiowii to me in which this has been 
demonstrated. 

In cases such as we have discussed, it is obvious that there is 
no possible explanation except through selection. This brings us to 
the last kind of secondary sexual characters, and the one in regard 
to which doubt has been most frcc|uently expressed, — decorative 
colours and decorative fonns, the brilliant plumage of the male 
pheasant, the humming-birds, and the bird of Paradise, as well as 
the bright colonic of many species of butterfly, from the beautiful 
blue of our little Lycaenidae to the magnificent assure of the large 
Morphinae of Brazil. In a great many aujes, though not by any 
means in all, the male butterflies are *^iiiore beautiful " than the 
females, and in the Tropics in particular they shine and glow in the 
most superb colours. I really sec no reason W'hy w e should doubt 
the power of sexual selection, and I myself stand wholly on Darwin's 
side. Even though we certainly cannot assume that the females 
exercise a conscious choice of the ‘^handsomest" mate, and deliberate 
like the judges in a court of justice over the perfections of their 
wooers, we have no reason to doubt that distinctive fonns (decorative 
feathci^s) and colours have a [larticularly exciting effect upon the 
female, just as certain odours have among animals of so many 
different gi'oups, including the butterflies. The doubts which existed 
for a considerable time, as a result of fallacious experiments, as to 
whether the colours of flowers really had any influence in attracting 
butterflies have now been set at rest through a series of more careful 
investigations; w^e now know that the colours of flowers are there 
on account of the butterflies, as Sprengel first showed, and that the 
blossoms of Phanerogams are selected in relation to them, as Darwin 
|)ointed out. 

Certainly it is not possible to bring forward any convincing proof 
of the origin of decorative colours through sexual selection, but there 
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are many weighty arguments in favour of it, and these form a body 
of presumptive evidence so strong that it almost amounts to 
certainty. 

In the first place, there is the analog}^ with other secondary sexual 
characters. If the song of birds and the chirping of the cricket liave 
been evolved through sexual selection, if the penetrating odours of 
male animals, — the crocodile, the musk-deer, the beaver, the cami' 
vorcs, and, finally, the flower-like fragiwices of the butterflies have 
been evolved to their present pitch in this way, wliy should decorative 
colours have arisen in some other way? Wliy should the eye be less 
sensitive to specifically male colours and other visible signs eMicing 
to thefemalej than the olfactory sense to specifically male odours, 
or the sense of hearing to specifically male sounds ? Moreover, the 
decorative fcathei*s of birds are almost always spread out and dis- 
played before the female during courtship. I have elsewhere^ pointed 
out that decorative colouring and swcet-scentedness may replace one 
another in Lepidoptera as well as in flowers, for just as some mcKlcstly 
coloured flowers (mignonette and violet) have often a strong perfume, 
while strikingly coloured ones are sometimes quite devoid of fragrance, 
so we find that the most beautiful and gaiiy-coloiircd of our native 
Lepidoptem, the species of Vanessa, have uo scent-seales, while these 
arc often marke<lly developed in grey nocturnal Lepidoptera. Both 
attractions may, however, be combined in butterflies, just as in flowers. 
Of course, w^e cannot explain why both means of attraction should 
exist in one genus, and only one of them in another, since we do not 
know the minutest details of the conditions of life of the genera 
concerned. But from the sporadic distribution of scent-scales in 
Liepidoptera, and from their occurrence or absence in nearly related 
species, we may conclude that fragrance is a relatively modem 
acquirement, more recent than brilliant colouring. 

One thing in particular that stamps decorative colouring as a 
product of selection is its gradttal ifdemijieatiou by the addition 
of new spots, which we can quite well observe, because in many 
cases the colours have been first acquired by the males, and later 
transmitted to the females by inheritance. The scent-scales arc 
never thus transmitted, probably for the same reason that the deco- 
rative coloui^ of many birds are often not transmitted to the females: 
because with these they would Ije exposed to too gi*eat elimination 
by cnemiea Wallace was the first to point out that in species with 
concealed nests the beautiful feathei*s of the male occurred in the 
female also, as in the parrots, for instance, but this is not the case 
in species which brood on an exjxjsed neat In the iiarrots one can 
often observe that the general brilliant colomdiig of the male is found 

1 J’he Evolution Theor^f, LoDdoii, 1904 » i. p* 210. 
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in the female, but that certain spots of colour arc absent, and these 
have probably been acqtiircfl comparatively recently by the male and 
have not yet been transmitted to the female. 

Isolation of the group of individuals which is in process of 
varying is undoubtedly of great value in sexual selection, for even 
a solitary conspicuous variation will become dominant much sooner 
in a small isolated colony, than among a latge numl)cr of members 
of a species. 

Anyone who agrees with me in deriving variations from germinal 
selection will reganl that process as an essential aid towards explain- 
ing the selection of distinctive courtship-characters, such as colouretl 
spots, decorative feathera, horny outgrowths in birds and reptiles, 
combs, feather-tufts, aud the like, since the beginnings of these would 
be prcsenteil witii relative freqiiency in the struggle between the 
determinants witliin the genu-plasm. The process of transmiasion of 
decorative feathers to the female results, as Darwin pointed out and 
illustrate! by interesting examples, in the coloiir-trams/omuitkm of 
a whole freezes, and this ijrocess, as the phyletically older colouring 
of young biids shows, must, in the course of thousands of years, 
have repeated itself several times in a line of descent. 

If we survey the wealth of phenomena presented to us by 
secondary sexual characters, we can hardly fail to lie convinced of 
the truth of the principle of sexual selection. And ceiiaiidy no one 
who has accepted natural selection should reject sexual selection, 
for, not only do the two processes rest upon the same basis, but they 
merge into one another, so that it is often imt)ossible to say how 
much of a particular character deiMJiids on one and how much on the 
other form of selection. 

08) Natural Selectiou. 

An actual proof of the theory of sextini selection is out of the 
question, if only l>ecause wc cannot tell wlicn a variation attains to 
selection-value. It is certain that a delicate soise of smell is of value 
to the male moth in liis search for the female, but whether the posses- 
sion of one additional olfactory hair, or of ten, or of twenty additional 
hairs leads to the success of its iKtssessor wc are unable to tell. And 
we are ^opijig even more in the dark when we discuss the excite- 
ment caus^ in the female by agi’eoable perfume.?, or by striking 
and beautiful colours. That these do make an impression is beyond 
doubt; but we can only assume that slight intensifications of them 
give any advantage, and we muM assume this since othenme seemdart/ 
sex-ual characters remain ineseplicoMe. 

The same thing is true in regard to natural selection. It is not 
possible to bring forward any actual proof of the selection-value 
D. 4 
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of the initial sfcvges, and the stages in the increase of variations^ 
as has been already shown. But the selection- value of a finished 
adaptatio!! can in many cases be statistically detennined. Ccsnola 
and Poulton have made valuable experiments in this dii^ection. The 
former attached forty-five individuals of the green, and sixty-five of 
the broT^m variety of the praying mantis {Mantis religiom\ by a silk 
thread to plants, and watched them for seventeen days. The insects 
which were on a surface of a colour similar to their own remained 
uneaten, while twenty-five green insects on brown parts of plants had 
all disapi>earcd in eleven days. 

Tlie exi>eriments of Poulton and Sanders^ were made with 600 
impac of Va^icssa urticac, the “tortoise-shell butterfly.” The puime 
were artificially attached to nettles, trce-tnmks, fences, w^alls, and to 
the gi'onnd, some at Oxford, some at St Helens in the Isle of Wight 
In the course of a month 93 7<> of the pupae at Oxford were killed, 
chiefly by small birds, wliile at St Helens 68 7o perished. The exi)cri- 
ments showed very clearly that the colour and chai'acter of the 
surface on which the pupa rests — and thus its own conspicuousness — 
are of the greatest importance. At Oxfoixi only the four pupae which 
were fastened to nettles emerged ; all the rest — on bark, stones and 
the like — i>erished. At St Helens the elimination was as follows: on 
fences where the pu^me were conspicuous, 92 7o ; bark, 66 7* ; on 
walls, 547oI ^lud among nettles, 57'^/^- These interesting experi- 
ments confirm our views as to protective coloration, and show further, 
that the ratio of elimmaiifm in the species is a very high me, imd 
that therefore selection must he very keen* 

We may say that the process of selection follows as a logical 
necessity from the tulfilment of the three preliminary postulates of 
the theory: variability, heredity, and the struggle for existence, with 
its enormous ratio of elimination in all species. To this we must 
add a fourth factor, the of variations which Darwin 

established as a fact, and wliich we are now able to account for 
theoretically on the basis of genninal selection. It may be objected 
that there is considerable uncertainty about this logical proof, be- 
cause of our inability to demonstrate the selection-value of the initial 
stages and the individual stages of increase. We liave therefore to 
fall back on presumptive evidence* This is to be found in the inter- 
pretcUive value of the theory* Let us consider this jxiint in greater 
detail. 

In the first place, it is necessary to emphasise what is often over- 
looked, namely, that the theory not only explains the transjorfmitimts 
of species, it also explains their remaining the same; in addition to 
the principle of varying, it contains within itself that of persisthig* 

^ Meport of the British Association (Bristol, 1S9S), London, 1899, pp. 906—909. 
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It is part of tlio essence of selection, that it not only causes a part to 
vary till it has reaclie<l its highest pitch of adaptation, but that it 
maint€iim U at this pitch. This conserving h^fimnee of mUiiral 
selection is of great importance, and was early recognised by Darwin; 
it follows natnmlly fi-om the principle of the survival of the fittest 

We undemtand from this how it is tliat a si)eci<^ which has 
Income fully adapted to certain conditions of life ceases to vary, 
but remains ‘^constant,’' as long as the conditions of life for it remain 
unchanged, whether this be for thousands of years, or for whole 
geologiciU eijoclia But the most convincing proof of the i>ower 
of the principle of selection lies in the inmiincrablo multitude of 
phenomena which <^iinot be explained in anj^ other ^vay. To this 
category belong all structures which arc only j)amvely of advantage 
to the organism, because none of these can have arisen by the alleged 
Lmmtrdmm prmcipile. ITiese have been so often discuasod that 
we need do no more than indicate them liere. Until <|uite recently 
the symjjathetic coloration of animals — for instance, the whiteness 
of Arctic animals— was referred, at least in part, to the direct 
influence of external factors, but the facts can best be explained 
by referring them to the processes of selection, for then it is un- 
necessary to make the gratuitous assumption that many si>ecies are 
sensitive to the stimulus of cold and that others are not* The gi^eat 
majority of Arctic laud-aniiiials, mammals and birds, arc white, and 
this proves that they were all able to present the variation which 
was most useful for them. The sable is brown, but it lives in trees, 
where the brown colouring protects and conceals it more effectively. 
The mnsk-sheep (Ovibos nioschatm) is also brown, and contrasts sharply 
with the ice and snow, but it is protected from beasts of prey by its 
gregarious habit, and therefore it is of advantage to be visible from 
as great a distance as (>ossibIe* That so many species have been 
able to give rise to white varieties does not dei)ciid on a special 
sensitiveness of the skin to the influence of cold, but to the fact that 
Mammals and Birds have a general tendency to vary towards white* 
Even with us, many birds — starlings, blackbirds, swallows, etc, — 
occasionally produce white individuals, but the white variety docs 
not persist, b(^use it readily falls a victim to the caniivores. This 
is true of white fa^^ms, foxes, deer, etc. The whiteness, therefore, 
arises from internal causes, and only persists when it is useful 
A great many animals living in a green enpirmmmd have l>econie 
clothed in green, esi>ecially insects, cateq>illars, and Mantidae, Ixith 
l>cr3ecuted and pei'secutoi*s. 

That it m not the direct effect of tho environment which calls 
forth tho gi'een colour is shown by the many kinds of caterpillar 
which rest on leaves and feed on them, but are nevertheless brown* 

4-2 
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These feed by night and betake themselves through the day to the 
trunk of the tree^ and hide in the furrows of tlio terk. We cannotj 
however, conclude from this that they were unable to vary towards 
green, tor there are Arctic animals which are white only in winter 
and brown in summer (Alpine hare, and the ptarmigan of the Alps), 
and there are also green leaf-insects which remain gi'een only while 
they are young and difficult to see on the leaf, but which become 
brown again in the last stage of larval life, when they have outgrown 
the leaf* They then conceal themselves by day, sometimes only 
among withered leaves on the ground, sometimes in the earth itself* 
It is interesting that in one genus, Chaerocampa, one species is 
brown in the last stage of larval life, another becomes bro™ earlier, 
and in many species the last stage is not wholly brown, a part 
remaining green. Wliethcr this is a case of a double adaptation, 
or whether the gi*een is being gradually crowded out by the brown, 
the fact remains that the same species, even the same hidividiial, can 
exhibit both variationa The case is the same with many of the leaf- 
like Orthoptera, as, for instance, the praying mantis (Mmitis I'digiosa) 
which we have already mentioned. 

But the best proofs are fui'nishcd by those often-cited cases in 
which the insect bears a deceptive resemblance to another object 
We now know^ many such cases, such as the numerous inutations 
of green or withered leaves, which are brought about in the most 
diverse ways, sometimes by mei'e variations in the form of the insect 
and in its colour, sometimes by an elaborate marking, like that which 
occurs in the Indian leaf-butterflies, Kallima maehis. In the single 
butterfly-genus Anaea, in the woods of South America, there are 
about a hundred species which arc all gaily coloured on the upper 
surface, and on the reverse side exhibit the most delicate imitation 
of the colouring and pattern of a leaf, generally mthout any indica- 
tion of the leaf-ribs, but extremely deceptive nevertlieless. Anyone 
wiio has seen only one such buttei^fly may doubt whether many of 
the insignificant details of the marking can really be of advantage 
to the insect. Such details are for instance the apparent holes and 
splits in the apparently dry or half-rotten leaf, wbich are usually due to 
the fact that the scales are absent on a circular or oval patch so that 
the colourless wing-membrane lies bare, and one can look through 
the spot as through a window* Wliether the bird wbich is seeking 
or pursuing the butterflies takes these holes for dew-drops, or for the 
work of a devouring insect, does not aftect the question ; the mirror- 
like spot undoubtedly increases the general deceptiveness, for the 
same thing occurs in many leaf-butterflies, though not in all, and 
in some cases it is replaced in quite a peculiar manner* In one 
species of Anaea (A. divina), the resting butterfly looks exactly like 
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a leaf out of the outer edge of which a large semicircular piece has 
been eaten, possibly by a caterpillar; but if we look more closely it 
is obvious that there is no part of the wing absent, and that the semi- 
circular piece is of a clear, pale yellow colour, while the rest of the 
wing is of a strongly contrasted dark brown (Fig. C). 

But the deceptive resemblance may be caused in quite a different 
manner. I have often speculated as to what advantage the brilliant 
white C could give to the otherwise dusky-coloured “Comma butterfly” 
{Grapta C. album). Poulton’s recent observations' have shown that 
this represents the imitation of a crack such as is often seen in dry 
leaves, and is very conspicuous because the light shines through it. 

The utility obviously lies in presenting to the bird the very 
familiar picture of a broken leaf with a clear shining slit, and we 
may conclude, from the imitation of such small details, that the birds 
are very sharp observers and that the smallest deviation from the 
usual arrests their attention and incites them to closer investigation. 
It is obvious that such detailed — we might almost say such subtle — 
deceptive resemblances could only have come about in the course of 
long ages through the acquirement from time to time of something 
new which heightened the already existing resemblance. 

In face of facts like these there can be no question of chance, 
and no one has succeeded so far in flnding any other explanation to 
replace that by selection. For the rest, the apparent leaves are by 
no means perfect copies of a leaf ; many of them only represent the 
torn or broken piece, or the half or two-thirds of a leaf, but then 
the leaves themselves frequently do not present themselves to the eye 
as a whole, but partially concealed among other leaves. Even those 
butterflies which, like the species of Kallima and Anaea, represent 
the whole of a leaf with stalk, ribs, apex, and the whole breadth, are 
not actual copies which would satisfy a botanist ; there is often much 
wanting. In Kallima the lateral ribs of the leaf are never all included 
in the markings ; there are only two or three on the left side and at 
most four or flve on the right, and in many individuals these are 
rather obscure, while in others they are comparatively distinct. This 
furnishes us with fresh evidence in favour of their origin through 
processes of selection, for a botanically perfect picture could not 
arise in this way; there could only be a flxing of such details as 
heightened the deceptive resemblance. 

Our postulate of origin through selection also enables us to under- 
stand why the leaf-imitation is on the lower surface of the wing in 
the diurnal Lepidoptera, and on the upper surface in the nocturnal 
forms, corresponding to the attitude of the wings in the resting 
position of the two groups. 

1 Ptoc. Ent. Soc., London, May 6, 1903. 
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Tlie strongest of all proofs of the theorjj however, is afforde<i by 
cases of true “niimicry/' those adaptations discovered by Bates in 
1861, consisting in the imitation of one species by another, which 
becomee more atid more like its model. The model is always a 
species that enjoys some special protection from enemies, whether 
because it is unpleasant to taste, or because it is in some way 
dangerous. 

It is chiefly among insects and csjjccially among butterfliCpS that 
we find the greatest immber of such cases. Several of these have 
been minutely studic<l, and every detail has been iiivestigatefl, so 
that it is difficult to understand how there can still be disbelief in 
regard to thciiL If the many and exact observations which have been 
carefully collected and critically discussed, fur instance by Poulton*, 
were thoroughly Btiidied, the arguinents which are still frequently 
urged against mimicry would be found untenable; we can hardly 
hope to find more convincing proof of the actuality of the processes 
of selection than these cases put into our hands. The preliminary 
postulates of the theory of miinicry have been disputed, for instance, 
tliat diurnal butterflies are persecuted and eaten by biixls, but ob- 
servations specially dirccte<l towards this point in India, Africa, 
America and Europe have placed it beyond all iloubt If it were 
necessary I could myself furnish an account of my own observations 
on this point. 

In the same way it hiis Ijeen established by ex]>enment and 
observation in the field that in all the great regions of distribution 
there are butterfli^ which are rejected by birds and lizards, their 
chief enemies, on account of their unpleasant smell or taste. These 
butterflies are usually gaily and conspicuously coloured and thus — as 
\\ allaee first inter]>reted it — are furnished with an easily recognisable 
sign : a sign of unpalatableiiess or wamhtg colours. If they were 
not thus recognisable easily ami from a distance, they would fre- 
queutly be jiccked at by birds, and then rejected Ixicausa of their 
unpleasant taste; but as it is* the insect-eaters recognise them at 
once as unjialatable booty and ignore them. Such immune^ species, 
wherever they occur, arc imitated by other palatable species, which 
thus acquire a certain degree of jirotection. 

It is true tliat this explanation of the bright, coiiapiciious colours 
is only a hyiwthcsis, but its foundations,— impalafableuess, and the 
liability of other butterflies to Ixi eaten, ^ — are ceidain, and its con- 
sequences— the existence of mimetic palatable fonns— confirm it in 
the most convincing manner. Of the many cases now' known I select 

^ on Evolution, 1S89— 1907, Oxford. 190$, passim, p. 260. 

The «xpre^ioo doos not refer to all the enemtes of this butterlly ; againat Ichneumon* 
dies, for instance, thoir unpleasant smeli aanolly gives no proteelion. 
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one, H^ich is esi)€cially remarkable, and which haa been thoroughly 
investigated, Papiho (hirdanns (fmrope\ a large, beautiful, diurnal 
butteifly which ranges from Abyssinia throughout the whole of Africa 
to the south coast of Caixs Colony* 

The males of this form arc everywhere almmt> the same in colour 
and in fonii of wings, save for a few variations in the sparse black 
markings on the imle yellow ground But the females occur in 
seveml quite different forms and colourings, and one of these only, 
t!ic Abyssinian form, is like the male, while the other three or four 
are that is to say, they copy a butterfly of quite a different 

family the Danaids, which arc among the immum fonna In each 
region the females liave thus copic<l two or three different imimine 
species* There is much tliat is interesting to be said in regard to 
thc5>e sjKscies, but it would Iks out of keeping with the general tenor 
of this pa])er to give details of this very complicated case of poly- 
morphism in P. d<trdum4s. Anyone who is intercsteil in the matter 
will fiiid a full and exact statement of the case in as far as we know 
it, in Poulton's Essays on Evolniimi (pp* 373 — 37*^0* I need only add 
that three difterent mimetic female forms have been reared from the 
eggs of a single female in South Africa ITie resemblance of tht^ 
forms to their immune models goes so far that even the details of the 
local forms of the mcKlels are copied by the mimetic species* 

It remains to be said that in Madagascar a butterfly, Paprilio 
merione^, occ\u% of which both sexes are very similar in form and 
markings to the ivon-mimetic male of P. dardanm, so that it prolxibly 
represents the ancestor of this latter specica 

In face of such facts as these every attempt at another explana- 
tion must fail. Similarly all the other details of the case fulfil the 
preliminary postulates of selection, and leave no room for any 
other interpretation. That the males do not take on the protective 
colouring is easil}" explainc<l, IxK^use they are in general more 
numerous, and the females are more important for the preservation 
of the sjKJcies, and must also live longer in order to dejmsit their 
eggs. We find tlie same state of things in many other s]>ccies, and 
in one case (Efynmias rimbdaris) in which the male is also mimeti- 
cally coloured, it copies quite a differently coloured imnuuic species 
from the nioclel followed by tlic female. This is quite intelligible 
wlicn wc consider that if there were too 7 nanp false immune types, 
the birds would soon discover that there were jmlatable individuals 

' ProfeiJ?or Poulton has corrected some wrong ctoscriptioQs which I had uofortoo&tely 
overlooked in the Plates of my book Uber DeHendemiheorie^ and which refer 

to Papilio dardanuM {mtrope}. The^ mistakes arc of no imjportanco aa far as an und<>r* 
standing of the mimtciy' theory is concernfid, but I hope shortly to be able to correct 
thorn in a later edition. 
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among those with unpalatable warning colours. Hence the imitation 
of different immune species by PapUio dardanm ! 

I regix't that lack of space prevents my bringing forward more 
examples of mimicry and discussing them fiilly. But from the case 
of PapUio darda/nm alone there is much to be learnt which is of the 
highest importance for our understanding of transformations. It 
shows US chiefly what I once called^ somewhat strongly perhaps^ the 
omnipotciiee of natural sdedion in answer to an opponent who had 
six)ken of its inadequacy/' We here see that one and the same 
species is capable of producing four or five difthrent patterns of 
colouring and marking; thus the colouring and marking are iiot^ as 
has often been supposed, a necessary outcome of the specific nature 
of the species, but a true adaptation, which cannot arise as a direct 
effect of climatic conditions, but solely thi'ough what I may call tlie 
sorting out of the variations produced by the species> according to 
their utility, llmt caterpiUars may be either gi'ecn or brown is 
already sometliing more tiian could have been expected according 
to the old conception of species, but that one and the same butterfly 
should be now pale yellow, with black ; now red with black and 
pure white; now deep black with large, pure white spots; and again 
black vrith a large ochroous-yellow spot, and many small white and 
yellow si>ots ; that in one sub-species it may be tailed like tlic ancestml 
fonn, and in another tailless like its Danaid model —all this shows a 
far-reaching capacity for variation and adaptation that wo could 
never have expected if we did not see the facts before us. How 
it is possible that the primary colour-vanations should thus be 
intensified and combined remains a puzzle even now ; we are 
reminded of the modern three-coloui' printing, — perhaps similar 
combinations of the primary colours take place in this case ; in 
any case the direction of tliese primary variations is determined by 
the artist whom we know as natui’al selection, for there is no 
other conceivable way in which the model could affect the butterfly 
that is becoming more and more like it. The same climate sur- 
rounds all four forms of female; they are subject to the same 
conditions of nutrition. Moreover, PapUio dm-dmim is by no means 
the only si>eeies of butterfly which exhibits different kinds of colour- 
l>attem on its wings. Many species of the Asiatic genus Eljiunias 
have on the upper siiiface a very good imitation of an immune 
Euploeine (Danainae), often with a steel-blue ground colour, while the 
under surface is well concealed wlicii the butterfly is at rest, — thus there 
are two kinds of protective coloration each wdth a diflbrent tneani:igl 
The same thing may be observed in many non-mimotic butteiflies, for 
instance in all our species of Vanessa, in which the under side shows 
a grey-browii or brownish-black protective coloration, but we do 
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not yet know eeriainiy may the biological sigiiificanv'e 
of the ^ai]> Jip|ver 
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not yet know with certainty wliat may bo the biological significance 
of the gaily coloured upper surface. 

In genei’al it may be said that mimetic butterflies are com- 
l>aratirely rare species, but there are exceptions, for instance 
Idnmiitis mxMppus in North America, of which the immune model 
{Dmiaida pUx^ipiMs) also occui-s in enormous numbers. 

In another mimicry-category the imitators are often more 
numerous than the models, namely in the case of the imitation of 
demgerom imecls by harmless sijecies* Bees and wasps are dreaded 
for their sting, and they are copied by harmless flies of the genera 
Eristalis and Syrphus, and these mimics often occur in swarms about 
flowering plants without damage to themselves or to their models; 
they are feared and are therefore left unmolested, 

EXPLANATIOK OF FIGS, i— 12. 

Figs. 1—4 represent a Mimicry-ring from Eastern Brazil composed of four immune 
species belonging to throe different sub^families and four diffeiieufc genera. 

Fig* 1. I^corea hedia (Dauainae), 

Fig. 2, Mdicmim narcam {eucrate) (Helicouinae), 

Fig* 2. Meiitiam eihra (Ithomiinao). 

Fig. 4* Mechamtis (Ithomiioae). 

Figs. 5, 6. Ferrh^bns pyrrha^ male and female, S. Amerieau “ Whites” ( Fieri nae). 
The female mimics immune Ithomiiues, while the male shows oiUy an indication 
of the mimetic colouring on the under surface* 

Figs, 7, 8. Dimtiorphia male and female, also belonging to the family of 

S* American “ whites,” and mimicking immune Ithomiines ; a white patch on 
the posterior wing of tlio male and another on the corresponding surface of the 
under side of the upper wing, remain as traces of the original “white” coloration* 
Fig* 0. Elymnim phegm^ W. Africa, of the sub-family of Saty lines, mimics the 
succeeding species (Fig* 10)* 

Fig, 10* &paea (^ea), an immune West African species belonging to the 

Acraeinae. 

Fig* 11* Damddoi gmiUioLy an immune Danaid from India, Burmab, etc* 

Fig. 12* Elymnio^i undvdarh^ female, one of the mimics of Fig* 11* 

In regard also to the faitl^ihiess of copy the facts are quite 
in harmony witli the theory, according to wjiich the resemblance 
must have arisen and increased by degrees* We can recognise this 
in many cases, for even now the mimetic species show very varyhig 
degrees of 7^e8e7nbla7ice to their immune model. If we compare, for 
instance, the many different imitators of Datimda €hrysij}pus we find 
that, with their brownish-yellow ground-colour, and the position and 
size, arid more or less sliarp limitation of their clear marginal spots, 
they have reached very different degrees of nearness to their model, 
Or compare the female of Elymnias wid^tUtris (Fig. 12) with its 
model IJauaida gemUia (Fig. II); there is a general resemblance, but 
the marking of the Danaida is very roughly imitated in Elynmiaa 
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Another fact that bears out the theory of mimicry is, that even 
wlien the resemblance in colour-pattern is yery great, the xoinig- 
venatioTiy which is so constant, and so important in determining the 
systematic position of butterflies, is never affected by the vanatioTL 
The piimucrs of the butterfly have no time to trouble about entomo- 
logical intricacies. 

I must not pass over a discovery of Poolton’s which is of gi*eat 
theoretical imj>ortance — that mimetic butterflies may reach the 
same effect by very diflerent means ^ Thus the glass-like trans- 
jmrency of the wing of a certain Ithomiine (Methona) and its Pierine 
mimic {Dmxwrphm orhe) depends on a diminution in the size of 
the scales; in the Daiiaine genus Ituna it is due to the fewness 
of tlic scales, and in a tliird imitator, a moth {Castma Unm var. 
Iieliconotdes) the glass-like appearance of the wing is due neither to 
diminution nor to absence of scales, but to their alisolute colour- 
lessness and transparency, and to the fact that they stand upright 
In another moth mimic (Anthoniyza) the aiTangement of the trans- 
parent scales is normat Tims it is not some unknown external 
influence that has brought about the transparency of the wing in 
these five forms, as has sometimes been siip|)osed. Nor is it a 
hypothetical internal evolutional^ tendency, for all three vary in 
a different manner* Tlie cause of this agreement can only lie in 
selection, which preserves and intensifies in each species the favour- 
able variations that present themselves. The gi'eat faithfulness of 
the copy is astonishing in these cases, for it is not the whole wing 
which is transparent ; certain markings are black in colour, and these 
contrast sharply with the glass-like ground* It is obvious that the 
pursuers of these butterflies must be very sharp-sighted, for other- 
wise the Rgrcement between the species could never have been 
pushed so far. The lees the enemies see and observe, tlie more 
defective must the imitation be, and if they liad been blind, no 
visible resemblance between the species which required protection 
could ever have arisen. 

A seemingly irreconcilcablc contradiction to the mimicry theory 
is presented in the following cases, which were kiiomi to Bates, 
who, however, never succeeded in bringing them into line with the 
principle of mimicry* 

In South America there are, as we have already said, many 
iniinics of the immune Ithomiinac (or as Bates called them Heli- 
conidae). Among these there occur not merely species which are 
edible, and thus require the protection of a disguise, but otliei^ 
wliich are rejected on account of their unpalatablcness. How could 
the Ithomiine dress liave developed in their case, and of what use is 
’ Jmmu Linn. Soc* London {ZooL)^ VoL sxvi. 1898, pp. 598—602* 
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it, since the species ^yo\\lii m any case }ye immune? In Eastern Bradl, 
for instance, there are four butterflies, which bear a most confusing 
resemblance to one another in colour, rnarting^, and form of wing^, 
and all four are unpalatable to birds (Figs. 1™4). They belong to 
four different genera and three sub-families, and we have to inquire : 
Wicnce came this resemblance and what end does it serve? For a 
long time no satisfactory answer could lie found, but Fritz Muller t 
sevenf^n years after Bates, offere<l a sohition to tlie riddle, when 
he jiointed out that young birds could not- have an instinctive 
knowledge of the unpalatablencss of the Ithoiniines,but must learn by 
experience which sjiecics were edible and which inedible. Tims each 
young biixl must have tasted at least one individual of each inedible 
species and discovered its iiiipalatability, before it learnt to avoid, and 
thus to sjiare the siiccics. But if the four species r^enible each other 
very closely the bird ivill regard them all as of the same kind, and 
avoid them all Thus there developed a process of selection which 
resulted in the smwdval of tlie Ithomiine-like individuals, and in so 
great an increase of resemblance bctivcen the four species, that they 
arc difliciilt to distinguish one from another even in a collection. 
Ihe advantage for the four sjiecies, living side by side as tliey do e,g* 
in Bahia, lies in the fact that only one iiidividual from the mimicry- 
ring (“ inedible association *') need be tasted by a young bird, instead 
of at least four individuals, UvS would otherwise be the case. As the 
munber of young birds is great, this makes a considemble difference 
in the ratio of elimination. Tlie four Brazilian species are figured 
on the accompanying plate (Figs. 1 — 4) : Lyeorea kiiUa (Dauainac), 
Hehconim narcae/t (eucrate) (Heliconinae), 3Ielmaea ethraf and 
3ferhmiitis lygimrtm (Ithomiinac). 

These interesting mimicry-rings (trusts), which have much signi- 
ficance for the theory, have Ijcen the subject of numerous and carefiil 
investigations, and at least their essential features are now^ fully 
established. Miillcr took for granted, without making any investi- 
gations, that young birds only learn by experience to distinguish 
between dificrent kinds of victims. But Lloyd Morgan *^s"cxj)cr!inent-s 
with young birds i)ioved that this is really the case, aiid at the same 
time furnished an additional argument against the LamareJeian 
principle, 

111 addition to the miiiiicry-ringg first oljserved in South America, 
others have been described from Tiopical India by Moore, and by 
Pmiltoii and Dixey from Africa, and we may expect to learn niaiiv 
more interesting facts in this connection. Here again the preliminary 
postulates of the theory are satisfied. ^Vnd how much more tliat 
would lead to the same conclusion might be added ! 

' In 1879, p. 100. ^ MabU an4i Instinetj London,, 1896. 
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As in the case of mimicry many species have come to resemble 
one another through processes of selection, so we know whole classes 
of phenomena in which plants and animals have become adapted to 
one another, and hare thus been modified to a considerable degree. 
I refer particularly to the relation between flowers and insects; 
but as there is an article on "The Biology of Flowers” in this 
volume, I need not discuss the subject, but will coiiflnc myself 
to pointing out the significaucc of these remarkable cases for the 
theory of selection, Darwin has shown that the originally incon- 
spicuous blossoms of the phanerogams were transformed into flowers 
through the visits of insects, and that, conversely, several large ordei-s 
of insects have been gradually modified by their association with 
flowers, especially as regards the i>arts of their body actively concerned. 
Bees and butterflies in j>articular have become what they arc through 
their relation to flowers. In this case again all that is apparently 
contradictory to the theory can, on closer investigation, be beautifully 
interpreted in corroboration of it. Selection can give rise only to 
what is of use to the organism actually concerned, never to what is 
of use to some other organism, and we must therefore expect to find 
that in flowem only characters of use to themselves have arisen, never 
character which are of use to insects only, and conversely that in 
the insects characters useful to them and not merely to the plants 
would have originated. For a long time it seemed as if an exception 
to this rule existed in the case of the fertilisation of the yucca 
blossoms by a little moth, Pronuha ynccaseUa. This little moth 
has a sickle-shaped appendage to its mouth-parts which occurs in 
no other Lepidopteron, and which is used for pushing the yellow 
{K)Ueu into the opening of the pistil, thus fertilising the flower. 
Thus it appeal’s as if a new’ structure, which is useful only to the 
plant, has arisen in the insect But the difficulty is solved as soon 
as W'e learn that the moth lays its eggs in the frnit-buds of the Yucca, 
and tliat the larvae, when they emerge, feed on the developing seeds. 
In effecting the fertilisation of the flower the moth is at the same 
time making provision for its own offspring, since it is only after 
fertilisation that the seeds begin to develop. There is thus nothing 
to prevent our referring this structural adaptation in Pronnba 
y\(ccmdla to processes of selection, which have gradually trans- 
formed the maxillary ]ialps of the female into the sickle-shajjed 
instrument for collecting the pollen, and w’liich have at the same 
time develoijed in the insect the instinct to press the pollen into 
the pistil. 

In this domain, then, the theory of selection finds iiotliing but 
coiToboration, and it would be impossible to substitute for it any 
other e.xplanation, which, now that the facts arc so well known, 
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could be regarded as a serious rival to it That selection is a factor, 
and a very powerful factor in the evolution of organisms, can no 
longer be doubted. Even altliough wc cannot bring forward formal 
proofs of it in detail, cannot calculate definitely the size of the 
variations which present themselves, and their selection-value, cannot, 
in short, reduce the whole process to a mathematical fonmila, yet we 
must assume selection, because it is the only iK)ssible explanation 
applicable to whole classes of phenomena, and because, on the other 
hand, it is made up of factors which we know can be proved actually 
to exist, and wliich, if they exist, must of logical necessity cooperate 
in the manner required by the theory. We mttst accept it became 
the phenomena of evolution and adaptation mmt have a 'nat/ural 
basis, ami hejcame it is the o'tdy pomible explmmtion of them\ 

Many people are willing to admit that selection explains adapta- 
tions, but they maintain that o?dy a part of the phenomena are thus 
explained, l^ecause everji^hing does not depend upon adaptation* 
They regard adaptation as, so to speak, a special effort on the jmrt 
of Nature, which she keeps in readiness to meet particularly difficult 
claims of the external world on organisms. But if wo look at the 
matter more carefully we shall find that adaptations are by no means 
exceptional, but that they are present everj’ivhere in such eiionnous 
numbers, that it would difficult iti regard to any structure what- 
ever, to prove that adaptation had not played a part in its evolution. 

How often has the senseless objection been urged against selection 
that it can ci^eate nothing, it can only reject. It is true that it can- 
not create either the living substaiice or tlic valuations of itj both 
must be given. But in rejecting one thing it preserves another, 
intensifies it, combines it, and in this way creates what is new. 
Everything in organisms depends on adaptation; that is to say, 
everything must be admitted through the narrow door of selection, 
otherwise it can take no part in the building up of the whole. But, 
it is asked, what of the direct effect of external conditions, teinije- 
rature, nutrition, climate and the like? Undoubtedly these can give 
rise to variatioiiB, but they too must pass through the door of selec- 
tion, and if they cannot do this they are rejected, eliminated from 
the constitution of the species. 

It inas^, perhaps, be objected that such external influences arc 
often of a compelling power, and that every animal mmt submit to 
them, and that thus selection has no choice and can neither select 
nor reject Tliere may be such cases ; let us assume for instance 
that the effect of the cold of the Arctic regions was to make all the 
mammals become black ; the result would be that they would all 



^ Thi& has been discussed in m&nj of my earlier works. See for instance The 
Su^eiencry of Natural Selection^ a reply Herbert Speitcer, Loodoni 1893. 
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be eliminated by selection, and that no mammals would be able to 
live there at all But in most cases a certain percentage of animals 
resists these strorig influences, and thus selection secures a foothold 
on which to work, eliminatiiig the unfavourable variation, and estab- 
lishing a useful colouring, consistent with what is required for the 
maintenance of the speciea 

Everything depends ui>on adaptation ! Wc have six)ken much 
of adaptation in colouring, in connection with the examples brought 
into prominence by Darwin, because these are conspicuous, casOy 
verified, and at the same time convincing for the theory of selection* 
But is it only desert and polar animals whose colouring is determined 
through adaptation ? Or the leaf-butterflies, and the mimetic species, 
or the terrifying markings, and “warning-colours” and a thousand 
other kinds of sympathetic colouring? It is, indeed, never the colour- 
ing alone which makes up the adaptation ; the structure of the animal 
plays a part, often a very essential part, in the protective disguise, 
and thus many variations may cooperate towards om common end* 
And it is to be noted that it is by no means only external parts that 
are changed ; internal parts are always modified at the same time— 
for instance, the delicate elements of the nervous system on which 
depend the imtmct of the insect to hold its wings, when at rest, in 
a perfectly definite position, which, in the leaf-butterfly, has the 
effect of bringing the two pieces on w'hich the marking occui-s on 
the anterior and posterior wing into the same direction, and thus 
displaying as a whole the fine curve of the midrib on the seeming 
leaf But the wing-holding instinct is not regulated in the same way 
in all leaf-butterflies; even oiir indigenous species of Vanessa, with 
their protective gi^onnd-colouring, have quite a distinctive w^ay of 
holding their Avings so that the greater part of the anterior Aving 
is covered by the posterior Avlieu the butterfly is at rest But the 
protective colouring appeal's on the posterior Aving and on the tip 
of the anterior, to precisely the distance to which it is lejt uncovered^ 
This occui'8, as Standfiiss has shoAvii, in different degree in our t\A "0 
most nearly allied species, the uncovered portion being smaller in 
V urtime than in F* polyeMoros. In this case, as in most leaf-butter- 
flies, the holding of the wing wss probably the primary character ; 
only after that Avas thoroughly established did the protective mark- 
ing develop. In any case, the instinctive maimer of holding the 
wings is associated Avith the protective colouring, and must remain as 
it is if the latter is to be effective. Hoav greatly instincts may change, 
that is to say, may be adapted, is shoAvn by the case of the Jffoctuid 
“ sliark ” moth, Xylina vetmta. This form bears a most deceptive 
resemblance to a piece of rotten AA^ood, and the appearance is greatly 
increased by the modification of the innate impulse to flight common 
to so many animals, Avhich has here been transformed into an almost 
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contrary instinct This moth does not fly away from danger, but 
“feigns death/' that is, it dmws antennae, legs and wings close to the 
body, and remains iKirfectly motionless. It may be touched, picked 
lip, and thrown down again, and still it does not- move. This remark- 
able instinct most surely have developed sinmltaneoiialy with the 
wood'Colonring; at all events^ both cooperating variations are now 
present^ and prove that both the external and the most minute 
internal structure have undergone a process of adaptation. 

The case is the same with all structural variations of animal 
parts, wliich are not absolutely insignificant Wlicn the insects 
acquired wings they must also have acquired the mechanism with 
wdiich to move them — the musculature, and the nervous apimnitus 
necessary for its automatic regulation. AH instincts dc|>end ui>on 
compound reflex mechanisms and aro just as indispensable as the 
imrts they have to set in motion, and all may have arisen through 
processes of selectiou if the reasons which I have elsewliere given for 
this view arc correct ^ 

Thus there is no lack of adaptations within the argciiiism, and 
I>articiilarly in its most important and complicated parts, so that we may 
say that there is no actively functional organ that has not undergone 
a prexjess of adaptation relative to its function and the requirements 
of the organism. Xot only is every gland structurally adapted, down 
to the very minutest histological details, to its fimction, but the 
function is equally minutely adapted to the needs of the body. 
Every cell iii the mucous lining of the intestine is exactly regulated 
ill its relation to the diflerent nutritive substances, and behaves in 
quite a diflerent way towaixls the fats, and towards nitrogenous 
substances, or peptonea 

I liavc elsewhere called attention tu the many adaptations of tlie 
whale to the surrounding medium, and have pointed out — what has 
long been known, but is not univci'sally admitted, even now — that in 
it a great number of important organs have been tmnsfonned in 
iidaptation to the iK>culiar conditions of aquatic life, although tlic 
aiicestoi's of the whale must have lived, like other hair-covered 
mammals, on land. I cited a number of these transformations — the 
fish-like form of the body, the hairlessuess of tlie skin, the trans- 
formation of tlie fore-limbs to fins, the disappearance of the hind- 
limbs and the development of a tail fin, the layer of blubber under 
the skin, wliich affords the protection from cold necessary to a warm- 
blooded animal, the disappearance of the ear-muscles and the auditory 
imssages, the displacement of the external narcs to the forehead for 
the greater security of the breathing-hole during the brief appearance 
at the surface, and ccilaiu remarkable changes in the respiratory and 
circulatory organs which enable the animal to remain for a long time 
^ The Evolution Theory, London, 1904, p. 144* 
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under ivater, I miglit have added many more, for the list of adapta- 
tions in tlie whale to aquatic life is by no means exhausted; they 
are found in the histological structure and in the minutest combina- 
tions in the nervous system. For it is obAnous that a tail -fin must be 
used in quite a different way from a tail, Avhich serves as a fly-brush 
in hoofed animals, or as an aid to springing in the kangaroo or as a 
climbing organ ; it will require quite different reflex-mechanisms and 
nerve-combinations in the motor centres, 

I used this example in order to show how unnecessary it is to 
assume a special internal eA^ohitionary poAver for the phylogenesis 
of species, for tins whole order of Avhales is, so to speak, nimde up 
of aduptatiom ; it deviates in many essential respects fi’om the usual 
mammalian type, and all the deviations are adaptations to aquatic 
life. But if pi^ecisely the most essential features of the organisation 
thus depend upon adaptation, Avhat is left for a phyletic force to do, 
since it is these essential features of the structure it Avould have 
to determine ? There are few people noAv Avho believe in a phyletic 
evolutionary power, which is not made up of the forces knoAATi to 
us — adaptation and heredity — but the conviction that every part of 
an organism depends upon adaptation has not yet gained a firm 
footing* Nevertheless, I must continue to regard this conception as 
the correct one, as I ha\'c long done* 

I may be pemiitted one more example. The feather of a bird 
is a marvellous structure, and no one mil deny that as a whole it 
depends upon adaptation. But what part of it does not depend upon 
adaptation? The hollow quill, the shaft with its hard, thin, light 
cortex, and the spongy substance within it, its square section com- 
pared with the round section of the quill, the flat barbs, their short, 
hooked barbules which, in the flight-feathers, hook into one another 
Avith just sufficient firmness to resist the pressure of the air at each 
wing-beat, the lightness and firmness of the Airhole apparatus, the 
elasticity of the vane, and so on* And yet all this belongs to an organ 
which is only passively functional, and therefore can have nothing to do 
with the LanmrcMmt prirwiple. Nor can the feather have arisen 
through some magical effect of temperature, moisture, electricity, or 
specific nutrition, and thus selection is again our only anchor of safety* 
But — it will be objected — the substance of which the feather 
consists, this peculiar kind of horny substance, did not first arise 
through selection in the course of the evolution of the birds, for it 
formed the covering of the scales of their reptilian aiieestora It is 
quite true that a similar substance covered the scales of the Reptiles, 
but why should it not have arisen among them through selection? Or 
in what other Avay could it have arisen, since scales are also passively 
useful parts ? It is true that if we are only to call adaptation what 
has been acquired by the species we happen to be considering, there 
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would remain a gi’eat deal that could not be referred to selection; 
but we are postulating an evolution which has stretched back through 
aeons, and in the course of which ininnncrablc adaptations took place, 
which had not merely ephemeral iwrsistence in a genus, a fhmily or 
a class, but which was continued into whole Phyla of animals, with 
continual fi-esh adaptations to the special conditions of each siKJcies, 
family, or class, yet with persistence of the fundamental elements, 
'finis the feather, once aaiuired, jiersisted in all birds, and the 
vertebral column, once gained by adaptation in the lowest forms, 
lias jiersisteil in all the Vertebrates, from Amphioxns upwards, 
although ivith constant readaptation to the conditions of each i»ar- 
ticular gioiip. Thus everything we can see in animals is adaptation, 
whether of to-day, or of yesteniay, or of ages long gone by ; every 
kind of cell, whether glandular, muscular, nervous, epidermic, or 
skeletal, is luiapted to alwolutely definite and si>ecific functions, 
an<l every organ which is composed of these different kinds of cells 
contains them in the proper proportions, and in the [Xirticular 
arrangement which best serves the function of the organ ; it is thus 
mlaptod to its function. 

All parts of the organism are tuned to one another, that is, they 
are adapted to one another, and in the same way tlm orfjanim as a 
whole is adapted to the conditions of its life, and it is so at every 
stage of its evolution. 

But all adaptations crtH l)e referred to selection ; the only 
{K)int that remains doubtful is whether tliey all must be referred 
to it 

However that may be, whctlier the Lamarckkm principle is 
a factor tliat has cooperated with selection in evolution, or whctlier 
it is altogether fallacious, the fact remains, that selection is the cause 
of a great part of the phyletic evolution of organisms on our earth 
'Hiose who agi’ce with me in rejecting the Lamarchkm principle 
will regard selection as the only guiding factor in evolution, which 
creates what is new out of the transmissible variations, by ordering 
and arranging these, selecting them in relation to their number and 
size, as the architect docs his building-stones so that a particular 
style must result But the building-stones themselves, the variations, 
have their basis in the influences which cause variation in those vital 
units which are handed on from one generation to another, whether, 
token together they form the whole organism, as in Bacteria and 
other low forms of life, or only a germ-snbstonce, as in unicellular 
and multicellular organisms \ 

' Variation under Domestication, 1875, ii. pp. 120, i27. 

® The Author and Editoi ^ indebted to Professor Poulton for kindly assieting in the 
revision of the proof of this Essay* 
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Different kbids of variability. 

Before Darwin, little was knoATO conceding the phenomena of 
variability. The fact, that hardly two leaves on a tree were exactly 
the same, could not escajie observation : small deviations of the same 
kind were met with everywhere, among individuals as well as among 
the organs of the same plant Larger aberrations, spoken of as 
monstrosities, were for a long time regarded as lying outside the 
range of ordinary phenomena. A special branch of inquiry, tliat of 
Teratology, was devoted to them, but it constituted a science by 
itself, sometimes connected with morphology, but having scarcely 
any bearing on the processes of evolution and heredity, 

Darwin was the first to take a broad survey of the whole range 
of variations in the animal and vegetable kingdoms. His theory of 
Natural Selection is based on the fact of variability. In order 
that this foundation sliould be as strong as possible he collected all 
the facts, scattered in the literature of his time, and tried to arrange 
them in a scientific way. He succeeded in showing that variations 
may be groujied along a line of almost eootinuous gi'adations, 
beginning with simple differences in size and ending with monstro- 
sitiea He was struck by the fact that, as a rule, the smaller the 
deviations, the more frequently they appear, very abrupt breaks in 
characters being of mre occurrence. 

Among these numerous degrees of variability Darwin was always 
on the look out for those which might, with the greatest probability, 
be considered as affording material for natural selection to act upon 
in the development of new species. Neither of the extremes complied 
with his conceptions. He often pointed out, that there are a good 
many small fluctuations, w'hich in this respect must be absolutely 
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useless. On the other hand, he strongly combated the belief, that 
great changes would be necessary to explain the origin of species. 
Some authors had proptounded the idea that highly adapted organs, 
e.g. the wings of a bird, could not have bccu developed in any other 
way than by a comparatively sudden modification of a well defined 
and important kind. Such a conception would allow of great breaks 
or discontinuity in the evolution of highly diflerentiated animals and 
plants, shortening the time for the evolution of the whole organic 
kingdom and getting over numerous dithculties inherent in the 
theory of slow and gradual progress. It would, moreover, account 
for the genetic relation of the larger gi‘oui>s of both animals and 
plants. It would, in a word, undoubtedly afford an easy means of 
simplifying the problem of descent with modification. 

iOarwin, however, considered such hyi>othcses as hardly belonging 
to the domain of science ; they l)elong, he said, to the realm of 
miracles. That species have a capacity for change is admitted 
by all evolutionists ; but there is no need to invoke modifications 
other than those represented by ordinary variability. It is well 
known that in artificial selection this teudency to vary has given rise 
to numerous di.stinct races, aud there is no reason for denying that it 
can do the ssiinc in nature, by the aid of natural selection. On both 
lines an advance may be e.\i)ected with equal probability. 

His main argument, however, is that the most striking and most 
highly adapted modifications may be acquired by successive varia- 
tioiLs. Kach of these may be slight, and they may attect different 
organs, gradually adapting them to the same purpose. Tlie direction 
of the adaptations will be determined by the iiee^ls in the struggle for 
life, and natural selection will simply exclude all such changes as 
occur on opposite or deviating lines. In this way, it is not varia- 
bility itself which is called upon to explain beautiful adaptations, 
but it is quite sufiicieut to suppose that natural selection has operated 
during long periods in the same way. Eventually, all the acquired 
characters, being transmitted together, would appear to us, as if 
they had all been simultaneously developed. 

Correlations must play a large i>art in such si>ccial evolutions : 
when one jmrt is modified, so will bo other ]>arts. The distri- 
bution of nourishment will come in as one of the causes, the 
reactions of diflerent organs to the same external influences as 
another. But iio doubt tbe more effective cause is that of the 
internal correlations, which, however, are still but dimly uiideretood. 
Darwin repeatedly laid great stress on this view, although a definite 
proof of its correctness could not be given in his time. Such proof 
requires the direct oteervation of a mutation, and it should be 
stated here that even the first observations made in this direction 

5—2 
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have clearly confimied Darwin's ideas. The oew evening primroses 
which have sprung in iny garden from the old form of Omothera 
Lamarchianaj and which have evidently been derived from it, in 
cacli case, by a single mutation, do not difter from tlieir parent 
species in one character only, but in almost all their organs and 
qualities, Oenothera for example, has stouter stems and denser 
foliage; the leaves are larger and broader; its thick flower-buds 
produce gigantic flowers, but only small fruits with large seeds. 
Correlative changes of this kind are seen in all my new forms, and 
they lend supimrt to the view^ tliat in the gradual development of 
highly adapted structures, analogous correlations nia}^ have played a 
large part. They easily explain large deviations from an original 
type, without requiring the assumption of too many steps. 

Monstrosities, as their name implies, are widely ditlereiit in 
character from natuml species; they cannot, therefore, be adduced 
as evidence in the investigation of the origin of species. There is 
no doubt that they may have much in common as regards tlieir 
manner of origin, and that the origin of species, once understood, 
may lead to a better understaiidiug of the monstrosities. But the 
reverse is not true, at least not as regards the main lines of develop- 
ment Here, it is clear, monstrosities cannot have jilayed a jjart 
of any significance. 

Bevei'sioiis, or atavistic changes, would seem to give a better 
siijiport to the theory of descent through modifications, llicse have 
been of paramount importance on many lines of evolution of the 
animal as well as of the vegetable kingdom. It is often assumed 
that monocotyledons are descended from some lower gi‘Oup of 
dicotyledons, probably allied to that w^liich includes the buttercup 
family. On this view^ the monocotyledons must be assumed to have lost 
the cambium and all its influence on sccondarj' growth, the differentia- 
tion of the flow^er into calyx and corolla, the second cotyledon or seed- 
leaf and several other cliaractei^. Losses of characters such as these 
may have been the result of abrupt changes, but this does not prove 
that the cliaracters themselves have been produced with equal sudden- 
ness. On the contrary, Darw in shows very convincingly that a modi- 
fication may well be developed by a scries of steps, and afterw ards 
suddenly disappear. Many monstrosities, such as those represented 
by twdsted stems, furnish direct proofe in support of this viewv since 
they are produced by the loss of one character and this loss irnfflies 
secondary changes in a large nmiiber of other organs and qualitiea 

Darw in criticises in detail the hypothesis of great and abrupt 
changes and comes to the conclusion that it does not give even a 
shadow of an explanation of the origin of species. It is as improbable 
as it is unnecessary. 
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Sports and spontaneous variations must now be considered* It 
is well known that they have produced a large number of fine 
horticultural varieties. The cutdeaved maple and many other tre^ 
and shrubs with split leaves arc known to have been produced 
at a single step ; this is true in the case of the single-leaf strawberry 
plant and of the laciniate variety of the greater celandine ; many 
white flowers, white or yellow^ berries and numerous other forms 
had a similar ori^n. But changes such as these do not come untler 
the head of adaptations, as they consist for the most part in the loss 
of some quality or organ belonging to the sj>eciesfrom which they were 
derived. Darwin thinks it impossible to attribute to this cause the 
innumerable structures, w’hich are so w'ell adapted to the habits of life 
of each species* At the present time w’e should say that such adapta- 
tions require progressive modifications, which are additions to the 
stock of qualities already possessed by the ancestors, and cannot, 
therefore, be explained on the ground of a supposed analogy with 
sports, which are for the most part of a retrogressive nature. 

Excluding all these more or less sudden changes, there remains 
a long series of gmdations of variability, but all of these are not 
assumed by Darwin to l>e equally fit for the production of new 
species. In the fli^st place, he disregards all mere temjK>rary varia- 
tions, such as size, albinism, etc ; ftirther, he points out that very 
many siMiciea have almost certainly been produced by steps, not 
greater, and probably not very much smaller, than those separating 
closely related varieties. For varieties are only small speciea Next 
conies the question of |K>lymorphic species : their occurrence seems to 
have been a source of much doubt and difficulty in Darwin*s mind, 
although at present it forms one of the main supports of the pre- 
vailing explanation of the origin of new^ species. Darwin simply states 
that this kind of variability seems to be of a peculiar nature ; since 
polymorphic species arc now" in a stable condition their occurrence 
gives no clue as to the mode of origin of new" species. Polymorphic 
species are the expression of the result of previous variability acting 
on a large scale ; but they iiow" simply consist of more or less numerous 
elementary species, Avhich, as far as we know, do not at present exhibit 
a larger degree of variability than any other more uniform species. 
The vernal whitlow"-grass {Draba venm) and the wdld jmnsy are the 
best knowTi examples; both have spread over almost the whole of 
Europe and are split up into Imndreds of elementary forms. These 
sub-species show no signs of any extraordinary degree of variability, 
when cultivated under conditions necessary for the exclusion of inter- 
crossing. Hooker has shoivn, in the case of some ferns distributed 
over still wider areas, that the extinction of some of the iiitennediate 
fonns in such groups would suffice to justify the elevation of the 
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remaining types to the rank of distinct species. Polymorphic species 
may now l>e reg^ii'ded as the link wliich unites ordinary variability 
with the historical production of species. But it does not appear 
that they had this significance for Darwin ; and, in fact, they exliii)it 
no phenomena which could explain the processes by which one 
species has been derived from another. By thus narrowing the limits 
of the species-producing variability Darwin was led to regard 
small deviations as the source from which natural selection derives 
material upon which to act But even these are not all of the 
same type, and Darwin was well aware of the fact 

It should here be pointed out that in order to be selected, a 
change must first have been produced This proposition, which 
now seems self-evident, has, however, been a source of mucli diftbr- 
eiice of opinion among Darwin's followers. The opinion that natural 
selection produces changes in useful directions has prevailed for a 
long time. In other words, it was assumed that natural selection, by 
the simple means of singling out, could induce small and useful changes 
to increase and to reach any desired degree of deviation from the 
original type. In my opinion this view was never actually held by 
Darwin, It is in contradiction with the acknowledged aim of all 
his work, — the explanation of the origin of species by means of 
natural forces and phenomena only, Natuml selection ad:s as a 
sieve ; it does not single out the best variations, but it simply destroys 
the lazier mimlxjr of those which are, from some cause or another, 
unfit for their present environment In this way it keeps the stniins 
up to the required standard, and, in special circumstances, may even 
improve them. 

Retuming to the vanations which afford tlie material for the 
sieving-action of natural selection, we may distinguish tw'-o main 
kinds. It is tnie that the distinction between these w^as not clear 
at the time of Darwin, and that he >vas unable to draw a sharp line 
between them. Nevertheless, in many cases, he was able to separate 
them, and he often discussed the question which of the two would 
be the real source of the differentiation of species. Certain varia- 
tions constantly occur, especially such as are connected with size, 
weight, colour, etc. TTicy arc usually too small tor natural selection 
to act upon, having hardly any influence in the struggle for life; 
others are more rare, occurring only from time to time, perhaps once 
or twice in a century, perhaps even only once in a thousand years. 
Moreover, these are of another type, not simply affecting size, number 
or weight, but bringizig about something new-, which may ^ useful 
or not Wlienever the variation is useful natural selection will take 
hold of it and preserve it; in other cases the variation may eitlier 
persist or disappear. 
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In his criticism of miscellaneous objections brought forward 
against the tlieory of natural selection after the publication of the 
first edition of The Origin of Species, Darwin stated his view on 
this point very clearly: — “The doctrine of natural selection or the 
survival of the fittest, which implies that when variations or individual 
difierences of a beneficial nature ha]>peu to arise, these will bo 
preserved In this sentence the words “happen to arise" appear* 
to me of prominent significance. Tliey are evidently due to the 
same general conception which prevailed in Darwin’s Paugcncsis 
hypothesis^. 

A distinction is indicated between ordinary fluctnations which are 
always present, and such variations as " happen to arise ” from time 
to time®. The latter afford the material for natural selection to act 
upon on the broad lines of oi^nic development, but the first do 
not. Fortuitous variations are the species-producing kind, which the 
theory requires; continuous fluctuations constitute, in this resi>cct, 
a useless type. 

Of late, the study of variability has returned to the recognition 
of this distinction. Darwin’s variations, which from time to time 
happen to arise, are mutatiom, the opposite type being commonly 
designed fluctuations. A large mass of facts, collected during the 
last few decades, has confinned this view, which in Darwin’s 
time could only be expressed with much reserve, and everyone 

* Origin nf Rfeciu (6th edit.), p. 169, 1S82. 

“ Cf. de Vries, Intractllulare p. 73 1 Jena, and Bie Mututiomtheofie^ 

I* p> 63. Leipzig, 1901. 

^ [I tliink it right to point out that the interpretation of this passage from the Origin 
by Professor do Vrioi h not acoeptod aa correct either bj Mr Francia Darwin or by myself. 
We do not believe that Darwin inteoded to draw any diistinction between two types of 
variation; tho words **when variations or individual diilerences of a beneficial nature 
happen to arise are not in our opinion meant to imply a distinction between ordinary 
fluctuations and variations which ‘‘happen to arise,” but we believe that “or” is here 
used in tlie sense of With the permission of Professor de Vries, the following 

extract is quoted from a letter in which he replied to the objection raised to his reading 
of the passage in question: 

“As to your remarks on the passage on page G, I agree that it ia now imposEibie to 
see dearly how far Darwin went in hia distinction of the different kinds of variabiUty. 
Distinctions were only dimly guessed at by him. But in our endeavour to arrive at a true 
conception of hia view I think that the chapter on Pangenesia should be our leading guide, 
and that we should try to interpret the more difficult passages by that chapter. A careful 
and often repeated study of the Pangenesis hypothesis has convinced me that Darwin, 
when he wrote that chapter, was xvdl aware that ordinary variability has nothing to do 
with evolution:, but that other kinds of variation were necessary. In some chapters he 
comes nearer to a clear distinction than in others. To mj mind the expression ‘happen to 
arise ^ is the sharpest indication of his iudinmg in this direction. I am quite convinced 
that numerous expreiiious in his book becf^me much dearer when looked at in this way.” 

The statement in this passage that “ Darwin was well aware that ordinary variability 
hae nothing to do with ©volution, but that other kinds of variation were necessary ” is 
contradioted by many passages in the Origin. A. C. S.] 
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knows that Darwin was always very careful in statements of this 

kind 

From the same chapter I may here cite the following paragmph : 
^^Thus as I am inclined to Ijelieve, morphological differences,,,, 
such as the arrangement of the leaves, the divisions of the flower or 
of the ovarium, the position of the ovules, etc. — first appeared in 
many cas<^ as fluctuating variations, whicli sooner or later became 
constant through the nature of the organism and of the surrounding 
conditions,.. but ?wt t/iroui/k naiura^ aelectian^; for as these morpho- 
logical characters do not affect the welfare of the species, any slight 
deviation in them could not have been governed or accumulated 
through this latter agency®/’ Wc thus see that in Dai^ivii/s opinion, 
all small variations had not the same imix)rtance. in favourable 
eircumstances some could become constant, but othei*s could not 

Since the appearance of the first edition of TIw Oriff m of Bpmm 
fluctuating variability has been thoroughly studied by Quetelet He 
discovered the law, which governs all phenomena of organic life 
falling under this heiid It is a very simple law, and states that 
individual variations follow the laws of probability. He proved it^ 
in the first place, for the size of the human Ix^dy, using the measure- 
ments published for Belgian recruits ; he then extended it to various 
other measurements of i>aiis of the body, and finally concluded 
that it must be of universal validity for all organic beings. It must 
hold true for all characters in man, physical as well as intellectual 
and moral qualities; it must hold true for the i>lant kingdom as 
well as for the animal kingdom ; in short, it must include the whole 
living world, 

(Juetelet’s law may be most easily studied in those cases where 
the variability relates to measure, number and weight, and a vast 
number of facts have since confiniied its exactness and its validity 
for all kinds of organisms, organs and qualities. But if we examine 
it more closely, we find that it includes just those minute variations, 
which, as Darwin repeatedly pointed out, have often no significance 
for the origin of sj>ccies. In the phenomena, described by Quetelet’s 
law nothing ^‘happens to arise”; all is governed by the common 
law, which states that small deviations from the mean typo are 
frequent, but that larger aberrations are mre, the rarer as they arc 
larger. Any degree of variation will bo found to occur, if only the 
number of individuals studied is large enough: it is even possible 
to calculate beforehand, how many specimens must be conqmrcd in 
order to find a pi*evioiisly fixed degi’cc of deviation. 

The variations, which from time to time happen to appear, are 
evidently not governed by this law. They cannot, as yet, be pro- 

^ The it&lios are mine (H. de V,). * Griffin of Species (6tb edit.), p. 176. 
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duced at will: no sowings of thousands or even of millions of plants 
will induce them, although by such means the chance of their 
occurring will obviously be increased. But they are known to occur, 
and to occur suddenly and abruptly. They have been observed 
especially in horticulture, where they are ranged in the large and 
ill-defined group called sports. Korschinsky has collected all the 
evidence which horticultural literature affords on this point\ Several 
cases of the first appearance of a horticultui'al novelty have l>een 
recorded: this has always happened in the same way; it appeared 
suddenly and unexpectedly without any definite relation to previously 
existing variability, Dw^arf types are one of the commonest and 
most fiivourite varieties of flowering plants ; they are not originated 
by a repeated selection of the smallest specimens, but appear at 
once, without intermediates and without any previous indication. 
In many instances they are only about half the height of the original 
type, thus constituting obvious novelties. So it is in other cases 
described by Korscli insky : these sports or mutations are now recog- 
nised to be the main source of varieties of horticultural plants. 

As already stated, I do not pretend that the production of horti^ 
cultural novelties is the prototype of the origin of new species in 
nature* I assume that they are, as a rule, derived from the parent 
s|>ecies by the loss of some organ or quality, whereas the main lines 
of the evolution of the animal and vegetable kingdom are of com^se 
determined by progressive changes, Darwin himself has often pointed 
out this difference. But the saltatory origin of hoHicidtural novelties 
is as yet the simplest parallel for natural mutations, since it relates to 
forms and phenomena, best known to the general student of evolution* 
The point which I wish to insist upon is this, Tlie difference 
between small and ever present fluctuations and rare and more 
sudden variations was clear to Darwin, although the facts known 
at his time were too meagre to enable a sharp line to be drawn 
between these two great classes of variability. Since Darwin s time 
evidence, whicli proves the correctness of liis view, has accumulated 
with increasing rapidity. Fluctuations constitute one type; they 
are never absent and follow the law of chance, but they do not aflbrd 
the material from winch to build new species. Mutations, on the 
other hand, only Imppen to occur from time to time. They do not 
necessarily produce greater changes than fluctuations, but such as may 
become, or rather are from their very nature, constant, Tt is this con- 
stancy which is the mark of specific characters, and on this basis eveiw 
new" specific character may be assumed to have arisen by mutation. 
Some authors have tried to show that the theory of mutation is 
opposed to Darwin's views. But this is erroneous. On the contrary, 
^ S, KorsehiEskyj Heterogetiesia titid Evolution,” VoL LxjtxDC. pp. 240 — 363, 1001. 
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it is in fullest harmony with the great principle laid down by 
Darwin. In order to be acted upon by that complex of environ- 
mental forces, which Darwin has called natural selection, the changes 
must obviously first be there* The manner in which they are pro- 
duced is of secotidary importance and has hardly any bearing on the 
theory of descent with modification \ 

A critical survey of all the facts of variability of plants in nature 
as well as under cultivation has led me to the conviction, that 
Darwin w^as right in stating that those rare beneficial variations, 
which from time to time happen to arise, — the now so-called muta- 
tions — are the real source of progress in the whole realm of the 
organic w’-orld. 

IL 

External and mternal mums of varisabUity. 

All phenomena of animal and plant life are governed by tw^o sets 
of causes; one of these is external, the other ioternaL As a rule 
the internal causes determine the nature of a phenomenon — what an 
organism can do and what it cannot do. The external causes, on the 
other hand, decide when a certain variation will occur, and to what 
extent its features may be developed. 

As a very clear and wholly typical instance 1 cite the cocks-combs 
{Gdosia), This race is distingiiislied from allied forms by its faculty of 
producing the well-known broad and much twisted combs. Every 
single individual possesses this power, but all individuals do not exhibit 
it in its most complete form. In some cases this faculty may not be 
exhibited at the top of the main stem, although developed in lateral 
branches : in others it begins too late for full development Much 
depends upon nourishment and cultivation, but almost always the 
horticulturist has to single out the best individuals and to reject 
those wdiicli do not come up to the standard. 

The internal causes are of a historical nature* The external 
ones may be defined as nourishment and environment In some 
cases nutrition is the main fiietor, as, for instance, in fiuctuating 
variability, but in natural selection environment usually plays the 
larger part 

The internal or historical causes are constant during the life-time 
of a species, using the term species in its most limited sense, as 
designating the so-called elementary species or the units out of 
which the ordinary species are built up. These historical causes are 
simply the specific charactei^, since in the origin of a species one or 
more of these must have been changed, thus producing the characters 
of the new type, Tticse changes must, of course, also be due partly 
to mternal and partly to external causes* 

^ Life and Letters ^ ii. 125. 
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In contrast to these changes of the internal causes, the ordinar}" 
variability which is exhibited during the life-time of a species is 
called fluctuating variability. The name mutations or mutating 
variability is then given to the changes in the specific characters. 
It is desirable to consider these two main divisions of variability 
separately. 

In the ease of fluctuations the internal causes, as well as the 
extenial ones, arc often apparent. The specific characters may be 
designated as the mean about which the observed forms vary. Almost 
every character may be developed to a greater or a less degree, but 
the variations of the single characters producing a small deviation 
from the mean are usually the commonest. The limits of these fluctua- 
tions may be called wide or narrow'^, according to the way we look at 
them, but in numerous cases the extreme on the fiivoured side 
hardly surpasses double the value of tliat on the other side. The 
degree of this development, for every individiial and for every organ, 
is dependent mainly on nutrition. Better nourishment or an increased 
supply of food produces a higher development; only it is not always 
easy to determine wdneh direction is the fuller and which is the poorer 
one. The difterences among individuals grown from different seeds are 
described as examples of individual variability, but those which may 
be observed on the same plant, or on cuttings, bulbs or roots derived 
from one individual are referred to as cases of partial variability. 
Partial variability, therefore, dcteniiines the diflerences among the 
flowei^, fruits, leaves or branches of one individual: in the main, it 
follows the same laivs as individual variability, but the position of a 
branch on a plant also determines its strength, and the pail it may 
take in the nourishment of the whole. Composite flowei's and umbels 
therefore have, as a rule, fewer rays on weak brandies than on the 
strong main ones. Tlie number of carpels in the fruits of poppies 
becomes very small on the weak lateral branches, which arc pro- 
duced towards the autumn, as well as on crowded, and therefore on 
weakened individuals. Double flowers follow the same rule, and 
numerous other instances could easily be adduced. 

Mutating variabOity occurs along three main lines. Either a 
character may disappear, or, as we now say, become latent; or a 
latent character may reappear, reproducing thereby a character 
which was once prominent in more or less remote ancestors. The 
third and most interesting case is that of the production of quite 
new characters which never existed in the ancestors. Upon this 
progressive mutability the main development of the animal and 
vegetable kingdom evidently depends. In contrast to this, the two 
other cases are called retrogressive and degressive mutability. In 
nature retrogressive mutability plays a large part; in agriculture 



(c) The Complete Work of Charles Darwin Online 



76 



Variation 



and in horticulture it gives rise to numerous varieties^ which have in 
tlie past been preserved, either on account of their usefulness or 
beauty, or simply as fancy-types. In fact the possession of numbers of 
varieties may be considered as the main cliaracter of domesticated 
animals and cultivated plants. 

In the case of retrogressive and degressive mutability the internal 
cause is at once apparent, for it is this which causes the disappear- 
ance or reappearance of some chameter. With progressive mutations 
the case is not so simple, since the new cliaracter must first be pro- 
duced and then displayed These two processes arc theoretically 
different, but they may occur together or after long intervals. 
The production of the new character I call premutation, and the 
displaying mutation. Both of course must have their external as 
well as their internal causes, as t have repeatedly pointed out in my 
work on the Mutation Theory \ 

It is probable that nutrition plays as important a part among the 
extomal causes of mutability as it does among those of fluctuating 
variability. Observations in support of this view, however, are too 
scanty to allow of a definite judgment, Darwin assumed an accumu- 
lative influence of external causes in the case of the production of new 
varieties or species. The accumuiatioo might be limited to the 
life-time of a single individual, or embrace that of two or more 
generations. In the end a degree of instability in the equilibrium of 
one or more characters miglit be attained, great enough for a character 
to give way under a small shock produced by changed conditions of 
life. The character would then be thrown over from the old state 
of equilibrium into a new one. 

Characters which happen to be in this state of unstable eqiii- 
librium are called mutable. They may be either latent or active, 
being in the former case derived from old active ones or produced as 
new ones (by the process, designated premutation). They may be 
inherited in this mutable condition during a long series of genera- 
tions. I have shown that in the case of the evening primrose of 
Lamarck this state of mutability must have existed for at legist 
half a century, for this species was introdticed from Texas into 
England about the year 1860, and since then all the strains derived 
from its first distribution over the several countries of Europe show 
the same phenomena in producing new^ forms. The production of 
the dwarf evening primrose, or Oenothera nanella^ is assumed to be 
due to one of the factors, w^hich determines the tall stature of the 
parent form, becoming latent; this would, therefore, afford an example 
of retrogressive mutation. Most of the other types of my new 
mutants, on the other hand, seem to be due to progressive mutability, 
1 IMe Mutationkiheoriet 2 volfi. , Leipsiig, l&Ol, 
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The external causes of this curious period of mutability are as yet 
wholly unknown and can hardly be guessed at, since the origin of 
the Oenothera LamareMana is veiled in mystery. The seeds, intro- 
duced into England about 1860, were said to have come from Texas, 
but whether from wild or from cultivated plants we do not know. 
Nor has the species been recorded as having been observed in the 
wild condition. This, how'ever, is nothing peculiar. The European 
types of Oenothera biennis and 0. muricata are in the same condition* 
The first is sai<i to have been introduced fi'om Virginia, and the 
second from Canada, but both probably from plants cultivated in the 
gardens of these countries. Whether the same elementfiry species 
are still growing on those spots is unknowui, mainly because the 
different sub-species of the species mentioned have not been system- 
atically studied and distinguished* 

The origin of new species, which is in pari the effect of mutability, 
is, how’cver, due mainly to natural selection* Mutability provides tlia 
new charaetei'S and new elementary species. Natural selection, on 
the other hand, decides what is to live aud what to die* Mutability 
seems to be free, and not restricted to previously determiued lines. 
Selection, however, may take place along the same main lines iu 
the coui'sc of long geological epochs, thus directing the development 
of large branches of the animal and vegetable kingdom. In natural 
selection it is evident that nutrition and environment are the main 
factors. But it is probable that, while nutrition may be one of the 
main causes of mutability, environment may play the chief part iu 
the decisions ascribed to natural selection. Relations to neighbour- 
ing plants and to injurious or useful animals, have been cousidered 
the most important determining factors ever since the time when 
Darwin pointed out their prevailing influence. 

From this discussion of the main causes of variability w'e may 
derive the proposition that the study of every phenomenon in the 
field of heredity, of variability, and of the origin of new species wdll 
have to be considered from two standpoints ; on one hand wo have 
the internal causes, on the other tlie external ones. Sometimes the 
first are more easily detected, in other cases the latter are more 
accessible to investigation. But the complete elucidation of any 
phenomenon of life must always combine the study of the influence 
of internal with that of external causes. 

III. 

Polymorphic variability in cerettfe. 

One of the propositions of Darwin's theory of the struggle for life 
maintains that the largest amount of life can be supported on any 
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area, by great di?ersificatioii or divei^eiice in the structure and 
constitution of its inhabitants. Every meadow and every forest 
atfords a proof of this thesis. The mimerical proportion of the 
different species of the flora is always changing according to ex- 
ternal influences. Thus, in a given meadow, some species will flower 
abundantly in one year and then almost disappear, until, after a 
series of yeai's, circumstances allow them again to multiply rapidly. 
Other species, which have taken their places, will then become rare. 
It follows fi^oin this principle, that notwithstanding the constantly 
changing conditions, a suitable selection from the constituents of a 
meadow will ensure a continued higli production. But^ although 
the principle is quite clear, artificial selection has, as yet^ done very 
little towards reaching a really high standard. 

The same holds good for cereals. In ordiiiarj^ circumstances a 
field will give a greater jield, if the crop grown consists of a 
number of siifBciently diftering types. Hence it happens that almost 
all older varieties of wheat are mixtures of more or less diverging 
forms. In tho same variety the numerical composition will varj^ 
from yeai^ to year, and in oats this may, in bad yeans, go so far as to 
destroy more than half of the harvest, the wind-oats (Avena fatu€t\ 
which scatter their grain to the winds as soon as it ripens, increasing 
so rapidly that they assume the dominant place, A severe winter, a 
cold spring and other extreme conditions of life will destroy one 
form more completely than another, and it is evident that great 
changes in the numerical composition of the mixture may thus be 
brought about 

This mixed condition of the common varieties of cereals was 
well known to Dar^viiu For him it constituted one of the many 
types of variability. It is of that peculiar nature to which, iu de- 
scribing other groups, be applies the tenii j)olymorphy. It docs not 
imply that the single constituents of the varieties are at pr<^ent 
really changing their characters. On the other hand, it does not 
exclude the possibility of such changes. It simply states that ob- 
servation shows the existence of difterent forms; how these have 
originated is a question which it does not deal w ith. In his well- 
known discussion of the variability of cereals, I>arwin is mainly 
concerned with the question, v^bether under cultivation they have 
undergone great changes or only small ones. The decision ultimatelj^ 
dei>ends on the question, how many forms have originally been taken 
into cultivation. Assuming five or six initial species, the variability 
must be assumed to have been very large, but on the assumption that 
there were betw^een ten and fifteen types, the necessary range of 
variability is obviously much smaller. But in regard to this point, 
we are of course entirely without historical data. 
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Few of the varieties of wheat show conspicuous differences, 
altliough their immber is great* If we compare the differentiating 
chai'acters of the smaller types of cereals with those of ordinary 
wild species, even within the same genus or family, they are obviously 
much less marked* All these small chai'acters, how^ever, are strictly 
inherited, and this fact makes it very probable that the less obvious 
constituents of the mixtures in ordinary fields must be constant and 
pure as long as they do not intercross* Natural crossing is in most 
cereals a phenomenon of rare occurrence, common enough to admit of 
the production of all possible hybrid combinations, but requiring the 
lapse of a long series of years to reach its full effect* 

Darwin laid great stress on this high amount of variability in the 
plants of the same variety, and illustrated it by the expcrietice of 
Colonel Le Couteur^ on tiis farm on the isle of Jersey, who cultivated 
upwards of 1 5(J varieties of wheat, w^liich he claimed were as pure as 
those of any other agriculturalist* But Professor La Gasca of Madrid, 
who visited him, drew attention to aben'ant ears, and pointed out, 
that some of them might be better yielders than the majority 
of plants in the crop, wliilst others might be poor types* Thence 
he concluded that the isolation of the better ones might be a 
means of increasing his crops* Le Coutcur seems to have con- 
sidered the constancy of such smaller types after isolation as 
absolutely probable, since he did not even discuss the possibility 
of their being variable or of their yielding a changeable or mixed 
progeny. This curious fact proves that he considered the types, dis- 
covered in his fields by La Gasca to be of the same kind as his other 
varieties, which until that time he had relied upon as being pure and 
uniform* Thus we see, that for him, the variability of cereals was 
what yye now call polymorphy* He looked through his fields for useful 
al>errations, and collected tw^enty-three new" types of w"heat* He was, 
moreover, clear about one point, which, on being rediscovered after 
half a centur}% has become the starting-point for the new Swedish 
priiiciple of selecting agricultural plants. It w"as the principle of 
single-ear sowing, instead of mixing the grains of all the selected 
ears together* By sowing each ear on a separate plot he intended 
not only to multiply them, but also to compare their value* This 
comparison ultimately led him to the choice of some few" valuable 
sorts, one of which, the “Bellevue de Talavera,'^ still holds its place 
among the prominent sorts of wheat cultivated in France* This 
variety seems to be really a uniform type, a quality very useful under 
favourable conditions of cultivation, but which seems to have de- 
stroyed its capacity for further improvement by selection* 

The principle of single-ear sowing, with a view to obtain pure and 

^ On the Varietieffy Fr<^ertieSy and Classiflcati&n of Wheat t Jersey, 1SS7. 
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unifonii strains without further selection^ has, until a few years ago^ 
been almost entirely lost sight of* Only a very few agriculturists 
have applied it : among these are Patrick Shirreff^ in Scotland and 
Willet M* llays^ in Minnesota* Patrick Shirrefl' observed the fact, 
that in large fields of cereals, single plants may from time to time 
be found with larger ears, which justify the expectation of a far 
greater yield* In the coiii*se of about twenty-five years lie isolated in 
this way two varieties of wheat and two of oats. He simply multiplied 
them as fast as possible, without any selectioiij and put them on the 
market* 

Hays was struck by the fact that the yield of wheat in Alinnesota 
was far lieneath that in the iieighl>ouriug States* The local varieties 
were Fife and Blue Stem* They gave him, on inspection, some better 
specimens, “phenomenal yielders'' as he called them. These were 
simply isolated and propagated, and, after comparison with the 
pa rent- variety and with some other selected strains of less value, were 
judged to be of sufficient importance to be tested by cultivation 
all over the State of Minnesota. They have since almost supplanted 
the original types, at least in most parts of the State, with tlie result 
that the total yield of wheat in Minnesota is said to have been 
increased by about a inillioii doOars yearly. 

Definite progi'css in the method of single-ear sowing has, howc\ er, 
been made only recently* It had been foreshadowed by Patrick 
Shirreft^ who after the production of the four varieties already 
mentioned, tried to carry out his work on a larger scale, by in- 
cluding numerous initior deviations from the main type. He found 
by doing so that the chances of obtaining a better form were 
sufficiently increased to justify the trial But it was Nilsson wlio 
discovered the almost inexhaustible polymorphy of cereals and other 
agricultural crops and made it the starting-point for a new and 
entirely trustworthy method of the highest utility. By this means 
he has produced during the last fifteen jeai-s a number of new and 
valuable races, which have already supplanted the old types on 
numerous farms in Sweden and which are now being introduced on 
a large scale into Gcnnany and other Eurujieao countries. 

It is now twenty years since the station at Svalof was founded. 
During the first period of its work, embracing about five years, 
selection was practised on the principle which was then generally 
used in Geniiaiiy, In order to improve a race a eample of the beet 
eais was carefully selected from the best fields of the variety. These 
ears w^cre considered as representative of the type under cultivation, 

1 Die Verbesserung der Qetreidi-Attcnf translated by R. Hesse* Halle* 1880, 

^ Wheats isarUtiee^ breeding^ cunivaiioT*, Univ* 5finneaot&, Agricnltural Experiment 
Station, Bull. no. 62* 1899* 
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and it was assumed that by sowing their grains on a small plot 
a femily could be obtained, which could afterwards be improved by 
a continuous selection. Differeuces between the collected ears were 
either not observed or <iisr^ardc<l. At Svalof this method of 
selection was practised on a far larger scale than on any Gennan 
farm, and the result was, broadly speaking, the same. This may ^ 
stated in the following wmxls : improvement in a few cases, failure in 
all the others. Some few varieties could be improved and yielded 
e.vcellent new types, some of which have since been introducetl into 
Swe<lish agi-iculture and are now prominent races in the souUiem 
and middle i>arts of that country. JJut the station had definite aims, 
and among them was the improvement of the Clievalier barley. This, 
in Middle Sweden, is a fine brewer’s barley, but liable to failure 
during unfavourable summers on account of its slender stems. It 
was scleete^l with a view of giving it stiffer stems, but in spite of all 
the care and work bestowed upon it no satisfactory result was obtained. 

Tliis experience, combined witli a number of analogous failures, 
could not fail to throw doubt upon the whole method. It was 
evident that good results were only exceptions, and that in most 
cases the principle was not one that could be relied upon. The 
e-xceptioiw might be due to unknowm causes, and not to the validity 
of the method ; it became therefore of much more interest to search 
for the causes than to continue the work along these lines. 

In the year 1802 a number of dilfercnt varieties of cereals were 
cultivate<l on a large scale and a selection was again made from them. 
About two hundred samples of ears were chosen, each apparently con* 
stitiiting a ditt'erent type, 'llieir secels were sown on sei)arate plots 
aud manurc<l and treated as much as iK>ssible in t)ic .same manner. 
The plots u’cre small and arranged in rows so as to facilitate the 
comi>arison of allietl tyiKJS. During the whole period of growth and 
during the rii)ciiing of the ears the [dots were carefully studie<l and 
com]>arcd : they were harvestctl sejyaratcly ; cars and kernels were 
counted and weighed, and notes were made concennng layering, 
nist and other cereal pests. 

The result of this experiment was, in the main, no distinct 
improvement. Nilsson was esiiecially struck by the fact that the 
plots, which sliould represent distinct types, were far from uniform. 
Many of them were as mnUifomi as the fields from which the parent- 
cars were taken. Others showed variability in a less degree, but in 
almost all of them it was clear that a pure race had not been 
obtained. The experiment was a fair one, inasmuch as it demon- 
strated the polymorphic variability of cereals beyond all doubt and 
in a degree hitherto unsuspected; but from the standpoint of the 
selectionist it was a failure. Fortunately there were, however, one 
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or two exceptions. A few lota showed a perfect uniformity in regard 
to all the stalks and ears; these were small families. This fact 
suggested the idea that each might have been derived from a single 
ear. During the selection in the previous summer^ Nilsson had tried 
to find as many cal's as possible of each new type which he recognised 
ill his fielda But the variability of his crops was so greats that 
he was rarely able to include more than two or three ears in the 
same group, andj in a few cases, he found only one representative 
of the supposed tyjie. It might, therefore, be possible that those 
small uniform plots were the direct progeny of ears, the grains of 
which had not been mixed with those from other ears before sowing. 
Exact records had, of course, been kept of the chosen samples, 
and the number of ears had been noted in each case. It was, there- 
fore, possible to answer the question and it was found that those 
plots alone were uniform on which the kernels of one single ear 
only had been sown. Nilsson concluded that the mixture of two or 
more ears in a single sowing might be the cause of the lack of uni- 
formity in the progeny. Apparently similar ears might be difierent 
in their progeny. 

Once discovered, this fact was elevated to the rank of a leading 
principle and tested on as large a scale as possible. Tlie fields were 
again carefully Jiivestigated and eveiy single ear, which showed a 
distinct divergence from the main type in one character or another, 
was selected. A thousand samples were chosen, but this time 
each sample consisted of one ear only. Next year, the result 
Gorrespoiided to the exi)ectation. Uniformity prevailed almost every- 
where ; only a few lots showed a discrepauey, w^hich might be 
ascribed to the accidental selection of hybrid ears. It was now clear 
that the progeny of single ears was, as a rule, pure, w^hercaa that of 
mixed ears was impure. The single-ear selection or single-ear sowing, 
which had fallen into discredit in Germany and elsewhere in Europe, 
was rediscovered. It proved to be the only trustworthy principle of 
selection. Once isolated, such single- parent races are constant 
from seed and remain true to their type. No further selection is 
needed ; they have simply to be multiplied and their real value 
tested. 

Patrick Shirreff, in his early experiments, Le Couteur, Hays and 
others had observed the rare occuiTence of exceptionally good 
yielders and the value of their isolation to the agriculturist. The 
possibility of error in the choice of such striking specimens and the 
necessity of judging their value by their progeny w^ere also known to 
these investigators, but they had not the slightest idea of all the 
lK)3sibilitie8 suggested by their principle. Nilsson, who is a botanist 
as well as an agriculturist, discovered that, besides these exceptiou- 
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ably good yielders, every variety of a cereal consists of hundreds of 
different types, which find the best conditions for success when 
grown together, but which, after isolation, prove to be constant 
Their preference for mixed growth is so definite, that once isolated, 
their claims on manure and treatment are found to be much higher 
than those of the original mixed variety. Moreover, the greatest 
care is necessary to enable them to retain their purity, and as soon 
they are left to themselves they begin to deteriorate through acci- 
dental crosses and admixtures and rapidly return to the mixed 
condition. 

Reverting now to Darwin’s discussion of the variability of cereals, 
we may conclude that subsequent investigation has proved it to be 
exactly of the kind which he describes. Tlie only diflereiice is that 
in reality it reaches a degree, quite unexpected by Darwin and his 
contemporaries. But it is polymorphic variability in the strictest 
sense of the word. How the single constituents of a variety ori^nate 
we do not see. We may assume, and there can hardly be a doubt 
alx>ut the truth of the assumption, that a new character, once pro- 
duced, will slowly but surely be combined through accidental crosses 
with a large number of previously existing types, and so will tend to 
double the number of the constituents of the variety. But whether 
it first appears suddenly or whether it is only slowly evolved we 
cannot determine. It would, of course, be impossible to observe cither 
process in such a mixture. Only cultures of pure races, of single- 
parent races as we have called them, can afford an opportunity 
for this kind of observation. In the fields of Svaliif new and un- 
expected qualities have recently been seen, from time to time, to 
appear suddenly. These characters arc as distinct as the older ones 
and api>car to be constant from the moment of their origin. 

Darwin has repeatedly insisted that man does not cause variability, 
lie simply selects the variations given to him by the hand of nature. 
He may repeat this process in oixler to accumulate difterent new 
characters in the same family, thus producing varieties of a 
higher order. This process of accumulation would, if continued for 
a longer time, lead to the augmentation of the slight differences 
characteristic of varieties into the greater differences characteristic 
of sjMjcies and genera. It is in this way that horticultural and 
agricultural experience contribute to the problem of the conversion 
of varieties into speciew, and to the explanation of the admirable 
adaptations of each organism to its complex conditions of life. In 
the long run new forms, distinguished from their allies by quite 
a number of new characters, would, by the extemiination of the 
older intennediates, become distinct species. 

Tims we see that the theory of the origin of species by means o f 
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natural selection is quite independent of the question, how the 
variations to be select^ arise. They may arise slowly, from simple 
fluctuations, or suddenly, by mutations; in both cases natural 
selection will take hold of them, will multiply them if they are 
beneficial, and in the course of time accumulate them, so as to 
produce that great divereity of organic life, which we so highly 
admire. 

Darwin has left the decision of this difficult and obviously sub- 
ordinate point to his followers. But in his Pangeuesis hypothesis 
he has given us the clue for a close study aud ultimate elucidation 
of the subject under discussion. 
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HEREDITY AND VARIATION IN MODERN LIGHTS 

By W. Batbson, M*A, RRS. 

FrofesBor of Biohgy in the University (f Cambridge, 

Darwin’s work has the property of greatness in that it may be 
admired from more aspects than one. For some the perception of 
the principle of Natural Selection stands out as his most wonderfiil 
achievement to which all the rest is subordinate. Others, among 
whom I would range myself, look up to him rather as the fii*st who 
plainly distinguished, collected, and comprehensively studied that 
new class of evidence from which hereafter a true understanding of 
the process of Evolution may be developed. We each prefer our 
own standpoint of admiration ; but I think that it will be in then- 
wider aspect that his labours will most command the veneration of 
posterity. 

A treatise written to advance knowledge may be read in two 
moods. Tlie reader may keep his mind i>as3ive, wiOiiig merely to 
receive the impress of the writer’s thought; or he may read with his 
attention strained and alert, asking at every instant how the new know- 
ledge can be used in a fiirther advance, watching continually for 
fresh footholds by which to climb higher still. Of Shelley it has been 
said that he w^ a poet for poets : so Dai'wiu was a naturalist for 
naturalists. It is when his wTitings are used in the critical and more 
exacting spirit with which we test the outfit for our owm enterprise 
that we learn their full value and strength. Whether we glance back 
and compare his performance with the efforts of his predecessors, or 
look forward along the course w^hich modern research is disclosing, we 
shall honour most in him not the rounded merit of finite accomplish- 
ment, but the creative power by which he inaugurated a line of 
discovery endless in variety and extensio!!. Let us attempt thus to 
see his w^ork in true perspective betw^'cen the past from which it grew, 
and the present which is its consequence. Darwin attacked the 
problem of Evolution by reference to facts of three classes : Varia- 
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tion ; Heredity ; Natural Selection. His work was not as the laity 
suppose, a sudden and unheralded revelation, but the first fruit of a 
long and hitherto barren controversy. The occurrence of variation 
from type, and the hereditary transmission of such variation had of 
course been long familiar to pmctical men, and inferences as to the 
possible bearing of those phenomena on the nature of specific 
difference had been from time to time drawm by naturalists. Man- 
pcrtuis, for example, wrote: “Ce qui nous reste h examiner, c*est 
comment d'lin seul individu, il a pu naftre tantd'espi^cessidiffiirentcs.” 
And again : “ La Nature contieiit le fonds de toutes ees varidtds : 
mais le hasard ou Tart Ics mettent en oeuvre, C'est ainsi que ceux 
dont rindnstrie s'apphqiie h satisfaire le goiit des curieux, sont, i>our 
ainsi dire, cr^ateurs d*cspfeces nouvelles^'* 

Such passages, of which many (though few so emphatic) can be 
found in eighteenth century writers, indicate a true perception of the 
mode of Evolution. The speculations hinted at by BufFon®, developed 
by Erasmus Darwin, and independently proclaimed alx>ve all by 
Lamarck, gave to the doctrine of descent a wide renown. The uni- 
formitarian teaching which Ljell deduced from geological observation 
had gained acceptance. The tacts of geographical distribution® had 
been shown to be obviously inconBistent with the Mosaic legend. 
Prichard, and Lawrence, following the example of Blumenbach, had 
successfully demonstrated that the races of Man could be regarded 
as different forms of one species, contrary to the opinion up till then 
received. These treatises all begin, it is true, with a profound 
obeisance to the sons of Noah, but that perfomxed, they coutiime on 
strictly modern lines. The question of the mutability of siKJcies was 
thus prominently raised, 

Tliose who rate Lamarck no higher than did Huxley in his con- 
temptuous phi^ase “ buccinatm* tantum/ will scarcely deny that the 
sound of the trumj)et had carried far, or that its note was clear. If 
then there were few who had already turned to evolution with 
positive conviction, all scientific men must at least Imve known that 

^ V4nm Physique t amUnant deiut DmertaiionSt Vunc sur Vorigine des Hommes et des 
: isJt Vautre tur Vorigine dee Noin, La 1746, pp. I!i4 aud 129. For an 

introdnttiOD to the writings of Maupettnls 1 am indobted lo an article by Profasaor 
Lovejoy in Popular SeL Monthly ^ 1902, 

“For the fnUeet aocount of the views of these pioneers of Evolution, ieo tho works of 
Samnel Butler, espeoklly Old and New (2nd odit.) 1S82. Butler's claims on 

behalf of Bnfifon have mot with some acceptance ; but after reading what Butler has said, 
and a considerable part of BuSon’s own works, the word **hintcd*' seems to me a 
sufficiently correct description of the part he played. It is interesting to note that in 
the chapter on the Ass, which contains some of hie evolutionary passages, there ie a 
reference to idees tres*elevies sur fd gin^ration “ contained in the Letters of 

Maupertuis. 

* See espeoialiy W* Lawrence, Lectures on Physiology t London, 1823, pp. 213 f* 



(c) The Complete Work of Charles Darwin Online 



Why Darxmn succeeded 87 

such views had been promulgated ; and many must, as Huxley says, 
have taken up his own position of “critical expectancy 

^Vhy, then, was it, that Darwin succeeded where the rest ha<l 
failed? The cause of that success was two-fold* First, and obviously, 
in the principle of Natural Selection he had a suggestion which would 
work. It might not go the whole way, but it was true as far as it 
went* Evolution could thus in great measure be fairly represented as 
a consequence of deinonstrable processes. Darwin seldom endangers 
the mechanism he devisefi by putting on it strains much greater than 
it can l>ear. He at least was under no illusion as to the omnipotence 
of Selection ; and he introduces none of the forced pleading which in 
recent years has threatened to discredit that principle. 

For example, in the latest text of the Origm^ w^e find him saying: 
“ But as iny coiiclueioiis have lately lieen much misrepresented, 
and it has been stated that I attribute the moilification of species 
exclusively to natural selection, I may he permitted to remark 
that ill the first edition of this work, and subsequently, I placed 
in a most conspicuous position — namely, at the close of the 
Introduction — the following words; *1 am convinced that natural 
selection has been the main but not the exclusive means of 
modification/ 

^ See the chapter cootriboted to the Life and Letters of Charlei Darwin^ n. p. t do 
not dlearlj undcretand the eense in which Darwin wrote (Autobiography, ibid. i. p. S7J : 
^^It baa sometimes been said that the sticceEie of the Origin proved *that the subject was in 
the air,^ or ' that men's minds were prepared for it.* I do not think that this is strictly 
true, for I occasion ally sounded not a few naturalists, and never happened to come across 
a single one who seemed to doubt about the permanence of species,'^ This experionce may 
perhaps have been an accident due to Darwin’s isolation* The literature ol the period 
abounds with indications of critical expectancy.*’ A most interesting expression of that 
feeling is given in the charming account of the “Early Days of Darwinism** by Alfred 
Kewton, Macmillan ' k MagozinCf LVir. 1888, p. 241. He tells how in 1858 when spending a 
dreary summer in Iceland, he and his friend, the ornithologist John WoOey, in default of 
active occupation, spent their days in discuesion* '‘Both of us taking a keen interest in 
Katural History, it was but reasonable that a question, which in those days was always 
coming up wherever two or more naturalists were gathered together, should bo continually 
recurring* That question was, ‘What is a species?’ and connected therewith was the 
other question, * How did a species begin ? *..*Now we were of course fairly well acquainted 
with what had been published on these subjects.** He then enumerates some of these 
publications, mentioning among others T. Vernon Wollaston's Fariuftca of Species — 
a work which has in my opinion never been adequately appreciated. He proceeds: “Of 
course we never arrived at anything like a solution of these problems, general or special, 
hut Tve felt very strongly that a solution ought to be found, and that quickly, If the study 
of Botany and Zoology was to make any great advance.** He then describes bow on 
his return home he received the famouB number of the Linnean Journal on a certain 
evening. “1 sat up late that night to read it; and never shall I forget the impression it 
made upon me. Herein was contained a perfectly simple solution of all the difficulties 
which had been troubling me for months past.... I went to bed satisfied that a solution 
had been found*” 

^ On^rin, 6tb edit. (1882), p, 421* 
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But apart from the invention of this reasonable hypothesis^ which 
may well, as Huxley estimated, “be the guide of biological and 
psycholofpcal speculation for the next three or four generations,” 
Darwin made a more significant and imperishable contribution* Not 
for a few' genei’ations, but through aU ages he should be remeni- 
bered as the first who showed clearly that the problems of Heredity 
and Variation are soluble by observation, and laid dowm the course 
bv w’hich wc must proceed to their solution ^ The moment of in- 
spiration did not come with the reading of Malthus, but with the 
o|>ening of the “first note book on Transmutation of Species®/^ Evolu- 
tion is a process of Variation and Heredity, The older writei^s, 
though they had some vague idea that it must be so, did not study 
Variation and Heredity. Dar^vin did, and so begat not a theory, but 
a science* 

The extent to which this is true, the scientific world is only be- 
ginning to realise. So little was the foct appreciated in Darwin*s 
own time that the success of his writings was follow^ed by an almost 
total cessation of w^ork in that special field* Of the causes which 
led to this remarkable consequence I have spoken elsewhere* They 
proceeded from circumstances peculiar to the time ; but whatever 
the causes there is no doubt that this statement of the result is 
historically exact, and those who make it their business to collect 
facts elucidating the physiology of Heredity and Variation arc well 
aware that they will find little to reward their quest in the leading 
scientific Journals of the Darwinian epoch* 

In those thirty yeai*s the original stock of evidence current and 
in circulation even underwent a process of attrition. As in the story 
of the Eastern sage who fii'st wrote the collected learning of the 
universe for his sons in a thousand Toliuiies, and by successive com- 
pression and burning reduced them to one, and from this by fiirther 
buniing distilled the single ejaculation of the Faith, “There is no 
god but Go<l and Moliamcd is the Prophet of God,” which was all his 
maturcr wisdom deemed essential so in the books of that period do 
w e find the coi'pns of genetic knowledge dw indle to a few^ prerogative 
instances, and these at last to the brief formula of an uiupiestioned 
creed* 

^ Whatever be our estiiuato of the iiuportance of Katural Selection, in this we all ftgrcc* 
Samuol Butler, the most brUHaiit, und bj far the most intorosting of Darwin *0 
opponents*— whose works ar© at length emergiDg from oblivion-”in his Preface (1882) to 
tlio 2nd edition of Kmlution^ Old and Nitw, repeats his earlier expression of homage to 
one whom ho had come to regard as an enemy ; To the end of liino, if tho question be 
asked, *Who taught people to bolievo in Evolution?’ the answer must be that it was 
Mr. Darwin* This is true^ and it is hard to see what palm of higher praise can be 
awiuded to any philosopher*’^ 

* Lifit and r* pp, 27b and 83. 
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And yet in all else that concerns biological science this period 
was, in very truth, our Golden Age^ when the natural history of the 
earth was explored as never Ixjfore i morphology and embryology were 
exhaustively ransacked ; the physiology of plants and animak began 
to rival chemistry and physics in precision of method and in the 
rapidity of its advances ; and the foundations of pathology were laid. 

In contrast with this immense activity elsewhere the neglect 
which befel the special physiology of Descent^ or Genetics as we now 
call it, is astonishing. This may of course be interpreted as meaning 
that the favoured studies seemed to promise a quicker return for 
effort, but it would be more true to say that those who chose these 
other pursuits did so without making any such comparison ; for the 
idea that the physiology of Heredity and Variation was a coherent 
science, offering possibilities of extraordinary discovery, was not 
present to their minds at all. In a word, the existence of such a 
science was well nigh forgotten. It is true that in ancillary periodicals, 
as for example those that treat of entomology or horticulture, or in 
the writings of the already isolated systematists^, observations with 
this special bearing were from time to time related, but the class of 
fact on which Darwin built his conceptions of Heredity and Variation 
was not seen in the highways of biology. It formed no part of the 
official curriculum of biological students, and found no place among 
the subjects which their teachers were investigating. 

During this period nevertheless one distinct advance was made, 
that with which Weismannk name is promiueiitiy connected. In 
Darwin's genetic scheme the here<litary transmission of parental 
exj>erience and its consequences played a considerable role- Exactly 
how great that role was supposed to be, he with his habitual caution 
refrained from specifying, for the sufficient reason that he did not 
know. Xevcrthclcss much of the process of Evolution, esj>ecially 
that by which organs haAx become degenerate and rudimentary, was 
certainly attributed by Darwin to such inheritaticc, though since 
belief in the inheritance of acquired characters fell into disrepute, 
the fact has been a good deal overlooked. The Origin without “ use 

* ThiB iBolartion of the is the one ooiost molancholy sequela of DarwinisTO. It 

aeoms an irony that we shouM read in the peroration to the Otigin that when the Darwinieui 
view is aceepted * * SyeteiriatiRts will be ahle to pursne their labours as at preaenl; but they 
will not be snccBsantly haunted by the Khadnwy doubt wli ether this or that form be a true 
species. This, I feel sure, and I speak after experience, will be no elight relief. The endless 
difipnteft whether or not some fifty species of British bramblea are «ood species will cease/* 
Oritfin, eth edit, (1892), p. 425, True tliey have ceased to attract the attention of those 
who lead opinion, but anyone who will turn to the literature of systematica will find that 
they have not coaaed in any other sengo* Should there not bo something disquieting in the 
fact that among the workerB who come roost into contact witii apeeific diJleronces, are 
to be found the only men who have failed to be persuaded of the unreality of tliose 
diSerences ? 
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and disuse'' would be a materially different book* A certain vacillation 
is discernible in Darwin's utterances on tliis questionj and the fact 
gave to the astute Butler an opportunity for his most telling attack. 
The discussion which best illustrates the genetic views of the period 
arose in regard to the production of the nidimentary condition of the 
wings of many beetles in the Madeira group of islands, and by com- 
paring passages from the Origin^ Butler convicts Darwin of saying 
first that this condition was in the main the result of Selection, with 
disuse aiding, and in another place that the main cause of degenera- 
tion was disuse, but that Selection had aided* To Darwin however 
I think the point would have seemed one of dialectics merely* To 
him the one pai'amount pui'pose was to show that somehow an 
Evolution by means of Variation and Heredity might have brought 
about the facts observed, and whether they had come to pass in the 
one way or the other was a matter of subordinate conceriL 

To ns moderns the question at issue has a diminished significance. 
For over all such debates a change has l>een brought by Weismaun's 
challenge for evidence that use and tlisuse have any transmitted 
effects at all Hitherto the transmission of many acquired charac- 
teristics had seemed to most naturalists so obvious as not to call for 
demonstration^* Weismann's demand for facts in suppoi^ of the 
main pro|x>sitiou revealed at once that none having real cogency 
could be produced* The time-honoured examples were easily shown 
to be caimble of different explanations. A few certainly remain 
which cannot be so summarily dismissed, but— though it is manifestly 
impossible here to do justice to such a subject— I think no one wdll 
dispute that these residual and doubtful phenomena, whatever be 
their true nature, are not of a kind to help us much in the inter- 
pretation of any of those complex cases of adaptation which on the 
hypothesis of unguided Natural Selection are especially difficult to 
understand. Use and disuse were invoked expressly to help us over 
these hard places ; but w^hatever changes can be induced in offspring 
by direct treatment of the parents, they are not of a kind to en- 
courage hope of real assistance from that quarter* It is not to be 
denied that through the collapse of this second line of argument the 
Selection hypothesis has had to take an increased and perilous 
burden* Various ways of meeting the difficulty have been proposed, 

' 6th edit. pp. 109 and 401. See Butler, Kssay& on hife^ Ari^ a?id Sci^tice^ p. 265, 
reprinted 190S* and Evolution , Old and NeWj chap, xxn. (2nd edit.), 1SB2. 

^ W. Lawrence was one of the few who consistently maintained the contrary opinion* 
Piicbard, who previously had expressed himself in the same Hense, does not, I believe, 
repeat these views In his later writings, and there are signs that he came to believe in the 
transmission of acquired habits. See Lawrence, LecL PhysnoL 1823, pp. 436—437, 447 
Prichard, Editt. Inaug. Disp. 1808 [not seen by me], quoted ibid, and Nat, Mut. Man, 
1843, pp. 34 f* 
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but these mostly resoke themselves into improbable attempts to 
expand or niii^iify the powers of Natural Selection. 

Weistnann'a interpellation, though negative in purpose^ has had a 
lasting and beneficial effect, for through his thorough demolition of 
the old loose and distracting notions of inherited experience, the 
ground has been cleared for the construction of a true knowledge of 
heredity based on experimental fact. 

In another way he made a contribution of a more positive 
character, for his elaborate speculations as to the genetic meaning of 
cytologiciil appearances have led to a mimite investigation of the 
visible phenomena occurring in those cell-divisions by which germ- 
cells arise. Though the particidar views he advocated have very 
largely proved incompatible with the olBerved facts of heredity, yet we 
must acknowledge that it was chiefly through the stimulus of Weis- 
mann's ideas that those advances in cytology’ were made * and though 
the doctrine of the continuity of germ-plasm cannot be maintained 
in the form originally propounded, it is in the main true and illu- 
minating \ Nevertheless in the present state of knowledge wa are 
still as a rule quite unable to connect cytological appearances with 
any genetic consequence and save in one respect (obviously of extreme 
imi)ortiuice — to be spoken of later) the two sets of phenomena might, 
for all we can see, be entirely distinct^ 

I cannot avoid attaching importance to this want of comiection 
between the nuclear phenoinena and the features of bodily organisa- 
tion. All attempts to investigate Heredity by cytological moans lie 
under the disadvantage that it is the nuclear changes which can 
alone be effectively observed. Important as they must surely be, 
I have never been jxjrsuaded that the rest of the cell counts for 
nothing. What we know of the behaviour and variability of chromo- 
somes seems in iny opinion quite incompatible mth the belief that 
they alone govern foirni, and are the sole agents responsible in 
heredity®. 

^ It is interesling to see iio’w nearly Butler was led by natural penetration, and from 
absolutely opposite conclusions, back to this uuderljing truth : ** So that eadi ovum when 
impregnate should be considered not as descended from its ancestors, but as being a 
continuation of the personality of every ovum in the chain of its ancestry, which every 
ovum tt ocfiiflffy fs quite as truly as the octogenariau i» the same identity with the ovum 
from which he has been developed. This process cannot stop short of the primordial cell, 
which again will probably turn out to be but a brief resting-place. We therefore prove each 
one of us to actually the primordial cell which never died nor dies* but has differentiated 
itaelf into the life of the world, all living beings whatever, being one with it and members 
one of another,'^ Li/c and Habit, 1S78, p. 86. 

’ This view is no doubt contrary to the received opinion. I am however interested to 
see it lately maintained by Driesch {Science and Philcmphy of the Orgatmm, London, 19Q7, 
p. 2B3), and from the recent observations of GodlewskI it has received distinct experi* 
mental support. 
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then, progress was to be made in Genetics^ work of a different 
kind was required* To learn the laws of Heredity and Variation 
tliere is no other way than that vfhich Darwin himself follow^ed, the 
direct examination of the phenomena. A beginning could be made 
by collecting fortuitous observations of this class, which have often 
thrown a suggestive light, but such evidence can be at best but 
superficial and some more penetrating instrument of research is 
required* This can only be provided by actual experiments in 
breeding* 

The truth of these general considerations was becoming gradually 
clear to many of us when in 1900 Menders work was rediscovered 
Segregation, a phenomenon of the utmost novelty, was thus revealed. 
From that moment not only in the problem of the origin of species, 
but in all the gimt problems of biolog}" a new era began* So un- 
expected was the discovery that many naturalists were convinced it 
was untrue, and at once proclaimed Menders oonclusioiis as either 
altogether mistaken, or if true, of very limited application. Many 
fantastic notions about the workings of Heredity had been asserted 
as general principles before : this was probably only another fancy of 
the same class. 

Nevertheless those who had a preliminary acquaintance with the 
facts of Variation were not wholly unprepared fur some such revela- 
tion. The essential deduction fi'om the discovery of segregation was 
that the diameters of living things are dependent on the presence of 
definite elements or factors, which are treated as units in tlic pro- 
cesses of Heredity* These factors can thus be recombined in various 
ways. They act sometimes sej>arately, and sometimes they interact 
in conjunction with each other, producing their various effecta All 
this indicates a definiteness and specific onler in heredity, and there- 
fore in variation. This order cannot by the nature of the case be 
dciKJiident on Natiiml Selection for its existence, but must be a con- 
sequence of the fundamental chemical and physical nature of living 
things. The study of Variation had from the first shomi that an 
orderliness of this kind was present Tiie bo<lies and the properties 
of living things are cosmic, not chaotia No matter how low in the 
scale go, never do we find the sliglitcst hint of a diminution in 
that all-i)ervadiiig orderlin^, nor can we conceive an organism 
existing for a moment in any other state. Moreover not only does 
this order prevail in normal forms, but agjiin and again it is to be 
seen in newly-sprung varieties, which by general consent cannot have 
been subjected to a prolonged Selection. Tlie discovery of Mcndelian 
elements admirably coincided with and at once gave a rationale of 
these facts. Genetic Variation is then primarily the consequence of 
additions to, or omissions from, the stock of elements which the 
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species contains. The further investigation of the species-problem 
must thus proceed by the analytical method which breeding experi- 
ments provide. 

In the nine years which have elapsed since Menders due became 
genemlly known, progress has been rapid. We now imdei-stand the 
process by which a polymorphic race maintains its polymorphism. 
ArVhen a family consists of dissimilar members, given the numerical 
proportions in which these members are occuning, we can represent 
their composition symbolically and state what tyjics can be trans- 
mitted by the various members. The difficulty of the ^'swamping 
effects of intercrossing*' is practically at an end. Even the famous 
puzzle of sex-limited inherituice is solved, at all events in its more 
regular manifestations, and we know now how it is brought about 
that the normal sistci's of a colour-blind man can tmusmit the 
colour-blindness while his normal brothers cannot ti'ansmit it 

We are still only on the fringe of the inquiry. It can be seen 
extending and ramifying in many directions. To enumerate these 
here would be imjx)ssible. A whole new mnge of possibilities is 
being brought into view by study of the interrelations betw'een the 
simple factors. By following up the evidence as to segregation, 
indiccitioiis have been obtained wliich can only be iuterjireted as 
meaning that when many factors are being simultaneously redis- 
tributed among the germ-cells, certain of them exert what must be 
described as a repulsion upon other factoi's. We caimot sm-mise 
w^hither this discovery may lead 

In the new light aU the old problems wear a fresh aspect. UiK>n 
the question of the nature of Sex, for example, the bearing of 
Mendeliau evidence is close. Elsewhere I have shown that from 
several sets of parallel experiments the conclusion is almost forced 
u{X)n us that, in the types ijivestigated, of the two sexes the female 
is to be regarded as heterozygous in sex, containing one unpaired 
dominant element^ while the male is similarly homozygous in the 
absence of that element K It is not a little remarkable that on this 
IK>int — which is the only one w here observations of the nuclear pro- 
cesses of gameto-genesis have yet been brought into relation with the 
visible characteristics of the organisms themselves — there should be 
diametrical opposition between the results of breetUng experiments 
and those derived from cytology. 

Those w'ho have followed the researches of the American school 
will be aware tliat, after it had been found in ceitain insects that the 
8i)crmatozoa were of two kinds according as they contained or did 
not contain the accessory chromosome, E, B. Wilson succeeded in 

^ In other word»i the ova are each either female, or male (i.e. non^female), but the 
Bperme are all non*female. 
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proving that the sperms possessing this accessory body were destined 
to fonn femalei on fertilisation, while spenns without it fom\ males, 
the figg fl being apparently indifieront. Perhaps the most striking of 
all this scries of observations is that lately made by T. H. Morgan 
since confirmed by von Baehr, that in a Phylloxeran two kinds of 
$|)crmati(Ls are fonned, respectively with and without an accessory 
(in this case, double) chromosome. Of these, only those possessing the 
accessory binly become functional siwrmatozoa, the others degene- 
rating. We have thus an elucidation of the puzKling fact that in 
these fornrs fertilisation results in the fonnation of females only. 
How the males are formed — for of course males arc eventually 
produce<l by the j)arthenogenetie females — we do not know. 

If the accessory body is really to be regarded as bearing the factor 
for femalcness, then in AicudeUan terms female is DD and male is 
DR Tim e^s are indifferent and the si>ermatozoa are each male, 
or female. But according to the evidence derived from a study of 
the sex-limited descent of certain features in other animals the 
conclusion seems equally clear that in them female must be regarded 
as Dll and male as RR The eggs arc thus each cither male or 
female and the spennatozoa are indifferent. How this contradictory 
evidence is to be reconciled we do not yet know. The breeding work 
concerns fowds, canaries, and the Currant moth (/Ifrrrtavwf grossu- 
lariata). The accessory chromosome has been now observed in most 
of the great divisions of insects®, except, as it bapjjens, Lepidoptera. 
At first sight it seems difficult to suppose that a feature api>arently 
so fundamental as sex should be differently constituted in different 
animals, but that seems at present the least improbable inference. 
I mention these two gi-oups of facts as illustrating the nature and 
metliods of modem genetic work. We must proceed by minute and 
specific analytical investigation. 1i\licrever ive look we find traces 
of the operation of precise and specific rules. 

In the light of present knowledge it is evident that before we can 
attack the Siiccies-problem with any hope of success there are vast 
arrears to be made up. He would be a bold man who would now 
assert tljat there was no sense in which the term Species might not 
liavc a strict and concrete meaning in contradistinction to the term 
Variety. We have been taught to regard the difference between 
species and variety as one of degree. I think it unlikely that this 

* Morgan^ JPrtWJ. Boc. IHoL Med, v* 1908, and vob Baciir, ZouL Ant. xikil p* 507 1 
1908 , 

^ As Wilson has pioved, the unp&ired body is not ft nnivorsal foaturo even in those 
orders in which it has been observed. Nearly allied types may differ. In some it is 
altogether unpaired. In others it is paired with a body of much era slier si^e, and by 
selection of vadona types all gradations can be demonstrated ranging to the condition 
in which the members of the pair are mdlatlnguiahable from each other. 
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conclusion will bear the test of further researclL To Uarwuii the 
question^ Wliat is a variation? presented no difficulties. Any difference 
betw^een parent and oftspring was a variation. Now we have to be 
more precise. First we must, as de Vries hns sho^vii, distinguish real, 
genetic, variation from Jlmtimtimial variations, due to environmental 
and other accidents, wdiicli cannot be transmitted. Having excluded 
these sources of error the variations observed must be expressefl in 
terms of the factors to which they are due before their significance 
can be understood. For example, numbers of the variations seen 
under domestication, and not a few witnessed in nature, are simply 
the consequence of some ingredient being in an unknown way omitted 
from the composition of the varying individual. The variation may 
on the contrary be due to the addition of some new element, but to 
prove that it is so is by no means an easy matter. Casual observation is 
useless, for though these latter variations will always be dominants, yet 
many dominant characteristics may arise from another cause, namely 
the meeting of complemeiitarj' factors, and special study of each case 
in two generations at least is needed before these two phenomena can 
be distinguished 

Wlien such considerations arc fully appreciated it will be realised 
that medleys of most dissiiiiilar occurrences are all confused together 
under the term Variation. One of the first objects of genetic analysis 
is to disentangle this mass of confusion. 

To those who have made no study of heredity it sometimes 
appears that the question of the effect of conditions in causing 
variation is one which w'c should immediately investigate, but a little 
thought will show that before any critical inquiry into such possi- 
bilities can be attempted, a knowledge of the working of heredity 
under conditions as far as possible uniform must be obtained* At 
the time when Darwin was WTitiug, if a plant brought into cultivation 
gave ofl' an albino variety, such an event was without hesitation 
ascribed to the change of life. Now we sec that albino gametes^ 
germs, that is to say, which arc destitute of the pigment-forming 
factor, may liave been originally produced by individuals standing an 
indefinite number of generations back in the ancestry of the actual 
albino, and it is indeed almost certain that the variation to which the 
api>earaiice of the albino is due cannot have taken place in a genera- 
tion later than that of the grandparents. It is true that when a new^ 
domitmni appears we should feel greater confidence that we were 
witnessing tlie original variation, but such events are of extreme 
rarity, and no such case has come under the notice of an experi- 
menter in modern times, as far as I am aware* That they must have 
appeared is clear enough* Nothing correspondixig to tlie Brown- 
breasted Game fowl is known wild, yet that colour is a most definite 
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dominant, and at some moment since GaUns bmikiva was domcBticated^ 
the element on which that special coloiir depends must have at least 
once been formed in the gcnn-cell of a fowl ; but we need harder 
eiidence than any which has yet been produced before we can declare 
that this novelty came through over-feeding, or change of climate^ or 
any other disturbance coiiset|ucnt on domestication. \VTien we reflect 
on the intricacies of genetic problems as we must now conceive them 
there come moments w^hen we feel almost thankful that the Mendelian 
principles w'ere unknown to Darwin. The time called for a bold 
pronouncement, and he made it, to our lasting profit and delight 
With fuller knowTedge we |?ass once more into a ]>eriod of cantioue 
exiiectatiou and reserva 

In every arduous enteqjrise it is pleasanter to look back at 
difliculties overcome than forwai'd to those which still seem insur- 
mountable, but in the next stage there is nothing to be gained by 
disguising the fact that the attributes of living things are not what 
w'c used to supiiose* If they are more complex in the sense that the 
properties they display arc throughout so regular^ that the Selection 
of minute random variations is an unacceptable account of the origin 
of their divei'sity, yet by virtue of that very regularity tlie problem is 
limited in scoixj and thus simplified. 

To begin with, wc must relegate Selection to its proper place. 
Selection permits the viable to continue and decides that the non- 
viable shall i)crish ; just as the temperature of our atmosphere 
decides that no liquid carbon shall be found on the face of the eartli : 
but we do not suppose that the form of the diamond has been 
gradually achieved by a process of Selection. Bo again, as the 
course of descent branches in the successive generations, Selection 
determines along which branch Evolution shall proceed, but it does 
not decide what novelties that branch shall bring fortfo Nature 
cordietd h fond^ de tonics ces vaH4Usy nuiu Is hamrd ofi Fart Us 
en wuvre,'* as Maupertuis most truly said. 

Not till knowledge of the genetic properties of organisms has 
attained to far greater completeness can evolutionary sjjeculations 
have more than a suggestive value. By genetic exi>eriment, cytology^ 
and physiological chemistry aiding, we may hope to acquire sucli 
know ledge. In 1872 Nathusius wrote® ; “ Das Gesetz der Vererbung 
ist noch uicht erkaimt; der Apfel ist noch iiicht vom Baum der 
Erkeimtuiss gefallen, welcher, der Sage nach, Newton auf deii 

* I hftve in viow, for example, tbe marvellous and specific phenomena of regenoration, 

and those discovered b>* the Btndent® of The eirenmstanoes oi 

its occnrrenco boro predade any saggestion that this r^larifcy has been brought about by 
the workings of Selection. The attempts thus to lepiesent the phenomena have resulted in 
more parodies of scientific reasoning. 

* Vortriige Uber Vithzu^hi und Eaisenerk^nntniis, p, 120, Berlin, 1872. 
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rechteu Wcg zur Ergrundang der Gravitationsgesetze fiihrte.” We 
cannot pretend that the words are not still tine, but in Mendeliati 
analysis the seeds of that apple-tree at last are sown. 

If we were asked what discovery would do most to forward our 
inquiry, what one bit of knowledge would more tlian any other 
illuminate the problem, I think we may give the answer without 
hesitation. The greatest advance that we can foresee will be made 
when it is found possible to connect the geometrical phenomena 
of development with the chemical. The geometrical symmetry of 
living things is the key to a knowledge of their regularity, and 
the forces which cause it In the symmetry of the dividing cell 
the ba.sis of that resemblance we call Heredity is contained. To 
imitate the morphological phenomena of life w'c have to devise a 
system which can divide. It must be able to divide, and to segment 
as — grossly — a vibrating plate or rod docs, or as an icicle can do as it 
becomes ribbed in a continuous stream of water ; but with this dis- 
tinction, that the distribution of chemical differences and properties 
must simultaneously be decided and disposed in orderly relation to 
the pattern of the segmentation. Even if a model which would do 
this could be constructctl it might prove to be a useful beginning. 

Tliis may be looking too far ahead. If we had to choose some one 
piece of more proximate knowledge which we would more esj)ecially 
like to acquire, I suppose we should ask for the secret of interracial 
sterility. Nothing ha.s yet been discovered to remove the grave 
difficulty, by which Huxley in particular was so much oppressed, that 
among the many varieties produced under domestication— which we 
all regard as analogous to the species seen in nature— no clear case 
of interracial sterility has been demonstmted. The phenomenon is 
probably the only one to which the domesticated products seem to 
afford no parallel. No solution of the difficulty can be offered which 
has positive value, but it is perhaps worth considering the facts in 
the light of modern ideas. It should be observed that wt arc not 
discussing incomirotibility of two species to produce offspring (a totally 
distinct phenomenon), but the sterility of the ofispriiig which many 
of them do produce. 

Wien t«o sjiccies, both perfectly fertile sevemlly, produce on 
crossing a sterile progeny, there is a presumption that the sterility 
is due to the development in the hybrid of some substance which can 
only be formed by the meetiug of two complementary factors. That 
some such account is correct iu essence may be inferred from the 
well-known observation that if the hybrid is not totally sterile but 
only partially so, and thus is able to form some good germ-cells 
which develop into new individuals, the sterility of these daughter- 
individuals is sensibly reduced or may be entirely absent. The 

D. 7 
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fertility once re-establiBhed, the sterility does not return in the later 
progeny, a fact strongly siiggestire of segregation* Kow if the sterility 
of the cross-bred be really the consequence of the meeting of two 
complementary factors, we see that the phenomenon could only be 
produced among the divergent offspring of one species by the acquisi- 
tion of at least iwo new foctors; for if the acquisition of a single 
factor caused sterility the line would then end* Jloreover each factor 
must be separately acquired by distinct individuals, for if both were 
]>rcaent together, the possessors would by hypothesis be sterila And 
in order to imitate the case of species each of these factors must be 
ac<iuired by distinct breeds. The factors need notp and probably would 
not^ produce any other perceptible effects ; they might, like the colour- 
factors present in white flowers, make no difference in the fonn or 
other characters. Not till the cross was actuallj^ made between the 
two complementary individuals would either factor come into play, 
and the effects oven then might be imol>served until an attempt w as 
made to breed from the cross-bred 

Next, if the factors responsible for sterility were acquired, they 
would in all probability be peculiar to certain individuals and would 
not readily be distributed to the w'hole breed Any member of the 
breed also into which both the factors were introduced would drop 
out of the pedigree by virtue of its sterility* Hence the evidence 
that the various domesticated breeds say of dogs or fowls can when 
mated together produce fertile offspriiig, is beside the mark. The 
real question is, Do they ever produce sterile offspring? I think the 
evidence is clearly that sometimes they do, oftciier perhaps than is 
commonly supposed. These suggestions are quite amenable to ex- 
perimental tests. The most obvious way to begin is to get a pair of 
parents which are known to have had any sterile offspring, and to 
find the proportions in which these steriles w^ere produced. If, as I 
anticipate, these proportions are found to be definite, the rest is 
simpla ' 

In passing, certain other considerations may be referred to. First, 
that there are observations favouring the view that the production of 
totally sterile cross-breds is seldom a uni versal property of tw^o species, 
and that it may be a matter of individuals, which is just what on the 
view here proposed would be expected. Moreover, as we all know 
now, though incompatibility may be dependent to some extent on 
the degree to wdiich the species are dissimilar, no such principle can 
be demonstrated to detennino sterility or fertility in general For 
example, though all our Finches can breed together, the hybrids are 
all sterila Of Ducks some species can breed together without pro- 
ducing the slightest sterility ; others have totally sterile offspring, and 
so on. The hybrids between several genera of Orchids are perfectly 
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fertile oo the female side^ and some on the male side also, but the 
hybrids produced between the Turnip (Brasmea napm) and the 
Swede (Brassica eampestris), which, according to our estimates of 
affinity, should be nearly allied forms, are totally sterile \ Lastly, it 
may bo recalled that in sterility we are almost certainly considering a 
!iieristic phenomenon. Faihtre to divide is, we may feel fairly sure, 
the immediate “ cause of the sterility. Now, though we know very 
little about the heredity of meristic differences, all that we do know 
points to the conclusion that the less-divided is dominant to the 
more-divided, and we are thus justified in supposing that there are 
factors which can arrest or prevent cell-division. My conjecture 
therefore is that in the case of sterility of cross^breds we see the 
effect produced by a complementary pair of such factors. This and 
many similar problems are now open to our analysis. 

The question is sometimes asked, Do the new lights on Variation 
and Heredity make the process of Evolution easier to understand? 
On the whole the answer may be given that they do. There is some 
appearance of loss of simplicity, but the gain is real As was said 
above, the time is not ripe for the discussion of the origin of species. 
With faith in Evolution unshaken—if indeed the word faith can be 
used in application to that which is certain — we look on the manner 
and causation of adapted differentiation as still wholly mysterious. 
As Samuel Butler so truly said : To me it seems that the ^ Origin of 

Variation,' whatever it is, is the only true ‘Origin of Species'**^, and 
of that Origin not one of us knows anything. But given Variation— 
and it is given : assuming further that the variations are not guided 
into paths of adaptation — and both to the Darwinian and to the 
modern school this hjq>othesis appears to be sound if unproven — an 
evolution of species proceeding by definite steps is more, rather than 
less, easy to imagine than an evolution proceeding by the accumulation 
of indefinite and insensible steps. Those who have lost themselves in 
contemplating the miracles of Adaptation (whether real or spurious) 
have not unnaturally fixed their hopes rather on the indefinite than 
on the definite changes. The reasons are obvious. By suggesting 
that the steps through which an adaptative mechanism arose were 
indefinite and insensible, all further trouble is spared. While it 
could be said that species arise by an insensible and imperceptible 
process of variation, there was clearly no use in tiring ourselves by 
trying to perceive that process. This labour-saving counsel found 
great favour. All that had to be done to develop evolution-theory 
was to discover the good in everything, a task which, in the complete 
absence of any control or test whereby to check the truth of the 

^ See Sutton, A. W., Jou/m. Linn. Soc. xsxvin. p. 341, 1908. 

“ Life and Habits London, p. 263. 1878. 
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discovery^ ia not very onerous. The doctrine tout e$t au mieua;** 
was therefore preached with fresh vigour, and examples of that 
illuminating principle were discovered with a facility that Pangloas 
himself might have envied, till at last even the spectators wearied of 
such dazzling perfonnances. 

But in all seriousness, why should indefinite and unlimited 
variation have been regarded as a more probable account of the 
origin of Adaptation ? Only, I thit^k, because the obstacle was shifted 
one plane back, and so looked rather less prominent. The abundance 
of Adaptation, we all grant, is an immense, almost an imBurpassable 
difficulty in all non-Laniarckian views of Evolution ; but if the BtC])S 
by which that adaptation arose were fortuitous, to imagine them 
insensible is assuredly no help* In one most im]K)rtant resjKJCt 
indeed, as has often been observed, it is a multiplication of trouble 
For the smaller the stei)s, the less could Natuml Selection act 
upon them. Definite variations — and of the occurrence of definite 
variations in abuudaiiee we have now the most convincing proof — 
have at least the obvious merit that they can make and often do 
make a real difFeretico in the chances of life. 

Tliere is another as|)ect of the Adaptation problem to which I 
Ci^ii only allude very briefiy* May not our present ideas of the 
universality and precision of Adaptation be gi-eatly exaggemted ? 
The fit of organism to its environment is not after all so very close — 
a proposition unwelcome perhaps, but oue wljich could be illustrated 
by very copious evidence. Natural Selection is stern, but she has 
her tolerant moods. 

We have now most certain and iiTefragablo proof that much 
definiteness exists in living things apart from Selection, and also much 
that may very well have been preserved and so in a sense constituted 
by Selection. Here tlie matter is likely to rest. There is a passage 
in the sixth edition of the Origin which has I think been overlooke<L 
On page 70 Darwin says ** The tuft of hair on the breast of tlie wild 
turkey-cock cannot l>e of any use, and it is doubtful whetlier it can 
be oniamcutal in the eyes of the female bird'' Tliis tuft of hair is a 
most definite and unusual structure, and I am afraid that the remark 
that it cannot be of any use” may have been made inadvertently; 
but it may have been intended, for in the fii'st edition the usual 
qualification was given and must therefore have been deliberately 
excised. Anyhow I should like to think that Darwin did throw over 
that tuft of hair, and that he felt relief when lie had done so. 
AMiether however we have his great authority for such a course or 
not^ I feel quite sure that we shall be rightly interpreting the facts 
of nature if we cease to expect to find purposefiilnesa wdierever we 
meet with definite structures or patterm Such things are, as often 
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m not, I suspect rather of the nature of tool-marks, mere incidents 
of manufacture, benefiting their possessor not more than the wire- 
marks in a sheet of paper, or the ribbing on the bottom of an oriental 
plate renders those objects more attractiv^e in our eyes. 

If Variation may be in any way defi:nite, the question once more 
arises, may it not be definite in direction ? The belief that it is has 
had many supporters, from Lamarck onwards, who held that it was 
guided by need, and others who, like N%eli, while la}dng no emphasis 
on need, yet were convinced that there was guidance of some MndL 
The latter view under the name of “Orthogenesis,” devised I believe 
by Eimer, at the present day commends itself to some naturalists. 
The objection to such a suggestion is of course that no ft^agment of 
real evidence can be produced in its support On the other hand, 
with the experimental proof that variation consists largely in the 
unpacking and repacking of an original complexity, it is not so certain 
as we might like to think that the order of these events is not 
pre-detennined. For instance the original “pack” may have been 
made in such a way that at the nth division of the germ-cells of a 
Sweet Pea a colour-factor might be dropped, and that at the fi + nf 
division the hooded variety be given off, and so on. I see no ground 
whatever for holding cuch a view, but in fairness the possibility should 
not be forgotten, and in the light of modem research it scarcely looks 
so absurdly improbable as before. 

No one can survey the work of recent years without perceiving 
that evolutionary orthodoxy developed too fest, and that a great deal 
has got to come down ; but this satisfaction at least remains, that in 
the experimental methods which Mendel inaugurated, we have 
means of reaching certainty in regard to the physiology of Heredity 
and Variation ujK>n which a more lasting structure may be built. 
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THE MINUTE STRUCTURE OF CELLS IN 
RELATION TO HEREDITY 

By Eduard Strasburgeb, 

PtoJgssot of Bot<my in the Uniwrsity of Bonn. 

SofCE 1875 an unexpected insight has been gained into the 
internal structure of cells* Those who are familiar with the results 
of investigations in this branch of Science are convinced that any 
modem theory of heredity must rest on a basis of cytology and 
cannot be at variance with cytological facts* Many histological 
discoveries, both such aa have been proved correct and others which 
may be accepted as probably TveU founded, have acquired a funda- 
mental importance from the point of view of the problems of heredity. 
My aim is to describe the present position of our knowledge of 
Cytology, The account must be confined to essentials and cannot 
deal with far-reaching and controversial questions. In cases where 
difference of opinion cxiste, I adopt my owt:i view" for which I hold 
myself responsible. I hope to succeed in making myself intelligible 
even without the aid of illustrations : in order to convey to the 
uninitiated an adequate idea of the phenomena connected with the 
life of a cell, a greater number of figures would be required than 
could be included within the scope of this article. 

So long as the most eminent investigators^ believed that the 
nucleus of a cell was destroyed in the course of each division and 
that the nuclei of the daughter-cells were produced de novo^ theories 
of heredity were able to dispense with the nucleus. If they sought, 
as did Charles Darwin, who showed a correct grasp of the proWem 
in the enimciation of his Pangenesis hypothesis, for histological con- 
necting links, their hyx>othese8, or at least the best of them, had 
reference to the cell as a w"hole. It was known to Darwin that 
the cell multiplied by division and was derived from a similar pre- 
existing cell. Towards 1870 it was first demonstrated that cell-nuclei 
do not arise de mvo, but are invariably the result of division of pre- 

^ Ae for the iUustnous Wilhelm HofmeiBter in his Lehre von der PJkmzemeUe 

( 1867 ), 
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existing nuclei. Better methods of investigation rendered possible 
a deeper insight into the phenomena accompanying cell and nuclear 
divisions and at the same time disclosed the existence of remarkable 
structures. The work of O. Biitechli, O. Hertwig, W. Flemming, 
H. Fol and of the author of this article*, have furnished conclusive 
evidence in favour of these i^te. It was found that when the 
reticular framework of a nucleus prepares to divide, it separates into 
single segments. These then become thicker and denser, taking up 
with avidity certain stains, which are used as aids to investigation, 
and finally form longer or shorter, variously bent, rodlets of unifomi 
thickness. In these organs which, on account of their special 
property of absorbing certain stains, were styled Chromosomes^, 
there may nsually be recognised a separation into thicker and thinner 
discs; the former are often tcmie<l Chroraomeres®. In the course 
of division of the nucleus, the single rows of chromomeres in the 
chromosomes are doubled and this produces a band-like flattening 
and leads to the longitudinal splitting by which each chromosome 
is divided into two exactly equal halves. The nuclear membrane 
then disappears and fibrillar cell-plasma or cytoplasm invades the 
nuclear area. In animal cells these fibrillac in the cytoplasm centre 
on definite IkxUcs*, which it is customary to speak of as Centro- 
somes. Badiating lines in the ac^acent cell-plasma suggest that these 
bodies constitute centres of force. The cells of the higher plants 
do not possess such individualised centres ; they have probably 
disappeared in the course of phylogenetic development: in spite 
of this, however, in the nuclear tlivision-figures the fibrillae of the 
cell-plasma are seen to radiate from two opposite polea In both 
animal and plant cells a fibrillar bipolar spindle is formeil, the fibrillae 
of which grasp the longitudinally divided chromosomes from two 
opposite sides and arrange them ou the equatorial plane of the 
spindle as the so-called nuclear or equatorial plate. Each half- 
chromosome is connected with one of the spindle poles only and is 
then dravni towards that pole®. 

Hie formation of the daughter-nuclei is then effected. The 
changes which the daughter-chromosomes undergo in the process 
of producing the daughter-nuclei repeat in the reverse order the 
changes which they went through in the course of their pro- 

' For fnrtber Tcferenoo to literaliuoi my artiole on ** Die Ontogenle dcr 2eUo eoit 
in tho ProgrfMu* Bci YoL t. p, 1, Jena, 1907. 

® By W. Waldcycr in im. 

* Discovered by W. Pfit7,ner In 1880. 

* Their oxistenco Bnd their multiplication by fission were demons tra ted by E. van 
Beneden and Th. Bovori in 1887. 

* These important facts, suspected by W. Flemming in 1889, were demonstrated by 
E. Be user, L. Gm'guard, E. van Benedenf M. Nussbaum, and C. Rabl. 
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greasive diflferentiatioa from the mother-necleua. The division of 
the cell-body is completed midway between the two daughter-niicloi. 
In animal cells, which possess no chemically differentiated membrane, 
separation is effected by simple constriction, while in the case of 
plant cells provided with a definite wall, the process begins with the 
formation of a cytoplasmic separating layer. 

The phenomena observed in the course of the division of the 
nucleus show beyond doubt that an exact halving of its substance is 
of the greatest importance ^ Compared with the method of division 
of the nucleus, that of the cytoplasm appears to be very simple. 
This led to the conception that the cell-nucleus must be the chief if 
not the sole carrier of hereditary charactei's in tlie organism. It is 
for this reason that the detailed investigation of fertilisation phe- 
nomena immediately followed researches into the nucleus. The 
fundamental discovery of the union of two nuclei in the sexual 
act was then made^ and this afforded a new support for the correct 
conception of the nuclear functions. The minute study of the 
behaviour of the other constituents of sexual cells during fertilisation 
led to the result, that the nucleus alone is concerned with handing 
on hereditary characters® from one generation to another. Especially 
important, from the point of view of this conclusion, is the study of 
fertilisation in Angiosperms (Flowering plants) ; in these plants the 
male sexual cells lose their cell-body in the pollen-tube and the 
nucleus only — the sperm-nucleus — reaches the egg. The cytoplasm 
of the male sexual cell is therefore not nec<^sary to ensure a trans- 
ference of hereditary characters from parents to offspring. I lay stress 
on the case of tlie Angiosperms because researclies recently repeated 
with the help of the latest methods foiled to obtain different results. 
As regards the descendants of angiospermous plants, the same laws 
of heredity hold good as for other sexually differentiated organisms ; 
we may, therefore, extend to the latter what the Angiosperms so 
cleai'ly teach ua 

The next advance in the hitherto rapid progress in our know- 
ledge of nuclear division was delayed, because it was not at once 
recognised that there are two absolutely different methods of nuclear 
division. All such nuclear divisions were united under the head of 
indirect or mitotic divisions ; these were also spoken of as karyo- 
kinesis, and were distinguished from the direct or amitotic divisions 
which are characterised by a simple constriction of the nuclear body. 
So long as the two kinds of indirect nuclear division were not clearly 

1 Firat shown by W. Bouk m 1888. 

® By O. Hertwig in 1875. 

^ This was done by O. Hertwig and the author of this essay simultaneously in 
16B4. 
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didtinguisheclj their correct iiiterpretation was impossible. This was 
accomplished after long aud laborious researcbi which has recently 
been carried out and with resuUs which should^ perhaps, be regarded 
as provisional 

Soon after the new study of the nucleus began, investigators 
were struck by the fact that the course of nuclear division in tlie 
mother-cells, or more correctly in the grandmother-cells, of spores, 
pollen-grains, and embryo-sacs of the more highly organised plants 
and in the spermatozoids and eggs of the higher animals, exhibits 
similar phenomena, distinct from those which occur in the somatic 
cells. 

Ill tlie nuclei of all those cells which we may group together as 
gonotokoQts^ (i.e, cells coiictcnied in reproduction) there are fewer 
chromosomes than in the adjacent body-cells (somatic cellsX It was 
noticed also that there is a peculiarity characteristic of the gono- 
tokoiits, namely the occurrence of two nuclear divisions rapidly 
succeeding one another. It was afterwards recognised that in the 
first stage of nuclear division in the gonotokonts the chromosomes 
unite in pairs: it is these chromosome-pairs, and not the two longi- 
tudinal halves of single chromosomes, which form the nuclear plate 
in the equatorial plane of the nuclear spindle. It has been proposed 
to call these paiirs gemini^. In the course of this division the spindle- 
fibrillao attach themselves to the gemini, i.e. to entire cliromosomes 
and direct them to the points where the new daughter-nuclei are 
formed, that is to those positions towards which the longitudinal 
halves of the chromosomes travel in ordinary nuclear divisions. It is 
clear that in this way the number of chromosomes which the daughter- 
nuclei contain, as the result of the first stage in division in the 
goiiotokouts, will be reduced by one half, wliiie in ordinary divisions 
the numlier of chromosomes always remains the same. The first 
stage ill the division of the nucleus in the gonotokoiits lias tlierefore 
been termetl the reduction division®. This stage in division deter- 
mines the conditions for the second division which rapidly ensuea 
Each of the paired chromosomes of the mother-nucleus has already, 
as in an ordinary nuclear division, completed the longitudinal fission, 
but in tliis case it is not succeeded by the immediate separation of 
the longitudinal halves and their allotment to diflferent nuclei. Each 
chromosome, therefore, takes its two longitudinal halves into the 
same daughter-nucleus. Thus, in each daughter-nucleus the longi- 
tudinal halves of the chromosomes are present ready for the next 

^ At tho fiuggeation of J. P. Lotsy in 1904. 

^ J. E. S. Moora and A. L. Embleton, Proc. Soc* LoMoit, Vol. lxxvii. p. 555, 1906 ; 
V. Or^goirA, 1907. 

* In 1SS7 W. Flemmmg temt«d this the hotofoiypio form of imdoar divktOQ. 
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stage in the division; they only require to he arranged in the 
nuclear plate and then distributed among the granddaughter-nuclei. 
This method of division, which takes place with chromosomes already 
split, and which have only to provide for the distribution of their 
longitudinal halves to the next nuclear generation, has been called 
homotypic nuclear di vision ^ 

Reduction division and homotypic nuclear division are included 
togetljcr under the term allotypic nuclear division and are dis- 
tinguished from the ordinary or typical nuclear division. The 
name Mciosis* has also been proposed for these two allotypic nuclear 
divisiona The typical divisions are often spoken of as somatic. 

Observers who were actively engaged in this branch of recent 
histological research soon notic^ that the chromosomes of a given 
organism are differentiated in definite numbers from the nuclear 
network in the course of division. This is especially striking in the 
gonotokonts, but it applies also to the somatic tissues. In the latter, 
one usually finds twice as many chromosomes as in the gonotokonts. 
Thus the conclusion was gradually reached that the doubling of 
chromo-somes, which necessarily accompauies fertilisation, is main- 
tained in the product of fertilisation, to be again reduced to one half 
in the gonotokonts at the stage of reduction-division. This enabled 
us to form a conception as to the essence of true alternation of 
generations, in which getterations containing single and double 
chromosomes alternate with one another. 

The single-chromosome generation, which I will call the haplmd, 
must have been tiie primitive generation in all orgivnisms; it might 
also persist as the only generation. Every sexual differentiation 
in organisms, which occurred in the coui’se of phylogenetic develop- 
ment, was followed by fertilisation and therefore by the creation of a 
diploid or double-chromosome product So long as the germina- 
tion of the product of fertilisation, the tsygotc, began witli a reducing 
process, a special dijA-okl generation was not represented. This, 
however, appeared later as a product of the further evolution of the 
zygote, and the reduction division was correspondingly postponed. 
In animals, as in plants, the diploid generation attained the liiglier 
development and gradually assumed the dominant [josition. The 
haploid generation suftcred a i)ro|)ortioual reduction, until it finally 
ceased to have an iiidci>cndcnt existence and became restricted 
to tlie role of producing the sexual products witliin the body 
of the diploid generation. Those wlio do not possess tlie necessary 
special knowledge are unable to realise what remains of the first 

' Tho DMU 0 WM propo««d b 7 W. Flemming in 1887 ; the sniure ot Ihii typo of 

divbion wiw, however, not oxpJutn^d nntil later. 

^ By J. BretUnd Famacr and J. £. 8. Moore m 



(c) The Complete Work of Charles Darwin Online 



Nttclei as Carriers of Hereditary Characters 107 

haploid generation in a phanerogamic plant or in a vertebrate 
animal In Angiosperms this ie actually represented only by the 
short developmental stages which extend from the pollen mother- 
cells to the sperm-nucleus of the pollen-tube, and from the embryo- 
sac mother-cell to the egg and the endosperm tissue. The embryo- 
sac remains enclosed in the diploid ovule, and within this from the 
fertilised egg is formed the embryo which introduces the new diploid 
generation. On the full development of the diploid embryo of the 
next generation, the diploid ovule of the preceding diploid genera- 
tion is separated from the latter as a ripe seed. The uninitiated 
sees in the more highly organised plants only a succession of diploid 
generations, Similarly all the higher animals appear to us as in- 
dependent organisms with diploid nuclei only. The haploid genera- 
tion is confined in them to the cells produced as the result of the 
reduction division of the ^notokonts; the development of these 
is completed with the homotypic stage of division which succeeds the 
reduction division and produces the sexual products. 

The constancy of the numbers in which the chromosomes 
separate themselves from the nuclear network during division gave 
rise to the conception that, in a certain degree, chromosomes possess 
individuality. Indeed the most careful investigations ‘ have shown 
that the segments of the nuclear network, which separate from one 
another and condense so as to produce chromosomes for a new 
division, correspond to the segments produced from the chromo- 
somes of the preceding division. The behaviour of such nuclei as 
possess chromosomes of unctiual sixe affords confirmatory evidence 
of the pennanence of individual chromosomes in corresponding 
sections of an apparently uniform nuclear uctwork. Moreover at 
each stage in division chromosomes with the same differences in size 
reappear. Other cases are known in which thicker portions occur in 
the substance of the resting nucleus, and these agree in number 
with the chromosomes. In this network, therefore, the indindual 
chromosomes must have retained their original position. But the 
chromo8ome.s camiot be regarded as the ultimate hereditary units in 
the nuclei, as their niunber is too small. Moreover, rclat^ species 
not infrequently show a difference in the mtmber of their chromo- 
somes, whereas the number of hereditary units must approximately 
agree. We thus picture to ourselves the carriers of hereditary 
characters as enclosed in the chromosomes; the transmitted fixed 
number of chromosomes is for us only the visible expre-ssion of tho 
conception that the number of hereditary units which the chromo- 
somes carry must be also constant The ultimate hereditary units 

^ Paiitcubrlj those of V. Gr^gohe and bis pupils. 
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may, like the chromosomes themselTcs, retain a definite position 
in the resting nucleus. Further, it may be assumed that during 
the separation of the chromosomes from one another and during 
their assumption of the rod-like fomi^ the hereditary units become 
aggregated in the chroraomeres and that these are characterised 
by a constant order of succession. The hereditary units then grow, 
divide into two and are uniformly distributed by the fission of the 
cliromosomes between their longitudinal halves. 

As the contraction and rod-like separation of the chromosomes 
serve to insure tlie transmission of all hereditary units in the pro- 
ducts of division of a nucleus, so, on the other hand, the reticular 
distension of each chromosome in the so-caOed resting nucleus may 
effect a separation of the carriers of hereditary units from each 
other and facilitate the s[)cc]fic activity of each of them, 

III the stages preliminary to their division, the chromosomes 
become denser and take up a substance which increases their 
staining cai)acity; this is called chromatiu. This substance collects 
in the chromomeres and may fonn the nutritive material for the 
carriers of liereditary units which we now believe to be enclosed in 
them. The chromatin cannot itself be the hereditary substance, as 
it afterwards leaves the chromosomes, and the amount of it is sub- 
ject to considerable variation in the nucleus, according to its stage 
of development Coiyointly with the materials which take part in 
the formation of the nuclear spindle and other processes in the 
cell, the chromatin accumulates in the resting nucleus to form the 
nucleoli. 

Naturally connected with the conclusion that the nuclei are 
the carriers of hereditary characters in the organism, is the question 
Tvhether enucleate organisme can also exist Phylogenetic considera- 
tions give an affirmative answer to this question. The dilterentia- 
tion into nucleus and cytoplasm represents a division of labour in 
the protoplast A study of organisms which belong to the lowest 
class of the organic world teaches us how this was accomplished. 
Instead of well-defined nuclei, scattered granules have been described 
in the protoplasm of several of these organiemB^, characterised by 
the same reactions as nuclear material, provided also witli a nuclear 
network, but without a limiting membrane*, Tims the can^iers 
of hereditary characters may originally have been distributed in 
the coinuion protoplasm, afterwards coming together and eventually 
assuming a definite form as special organs of the cell. It may be also 
assumed that in the protoplasm and in the primitive types of nucleus, 

^ B Actor la, OyAQophTc^, Protozoa. 

* Thia is tho ro«ult of the work of B. Her twig and of the most recently published 
mvestigatious* 
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the carriers of the same here<Iitary unit were represented in consider- 
able quantity ; they became gradually differentiated to an extent 
commensurate with newly acquired characters. It was also neces- 
sary that, in proportion as this happened, the mechanism of nuclear 
division must be refined. At first processes resembling a simple con- 
striction would suffice to provide for the distribution of all hereditary 
units to each of the products of division, but eventually in both 
organic kingdoms nuclear division, which alone insured the quali- 
tative identity of the products of division, became a more marked 
feature in the course of cell-multiplication. 

Where direct nuclear division occurs by constriction in the 
higher organisms, it does not result in the halving of hereditary 
units. So fer as my observations go, direct nuclear division occurs 
in the more highly organised plants only in cells which have lost 
their specific functions. Such cells are no longer capable of specific 
reproduction. An interesting case in this connection is affordctl by 
the intemodal cells of the Characeae, which possess only vegetative 
functions. These cells grow vigorously and their cytoplasm increases, 
their growtli being accompanied by a correspondingly direct multipli- 
ciition of the nuclei They serve chiefly to nourish the plant, but, 
unlike the other cells, they are incapable of producing any oflspriiig. 
This is a very instructive ca.se, because it clearly sliows that the 
nuclei are not only carriers of hereditary ciiaracters, but that they 
also play a definite part in the metabolism of the protoplasts. 

Attention was drawn to the fact that during the reducing 
division of nuclei which contain chromosomes of unequal size, 
gemini are constantly producetl by the [)airing of chromosomes of 
the same size. This led to the conclusion that the pairing chromo- 
somes arc homologous, and that one comes from the fhther, the other 
from the mother*. Tliis evidently applies also to the pairing of 
chromosomes in those reduction-divisions in which difterciices in 
size do not enable us to distingitish the individual chromosomes. In 
this ca.se also each pair would be formed by two homologous chro- 
mosomes, the one of paternal, the other of matenial origin. \\Tien 
the separation of these chromosomes and their distribution to botli 
daughter-nnclei occur a chromosome of each kind is provided for each 
of these nuclei. It would seem that the components of each pair 
might pass to either pole of the nuclear spindle, so that the paternal 
and maternal chromosomes would be distributed in varjing pro- 
portion between the daughter-nuclei; and it is not impossible that 
one daughter-nucleus might occasionally contain paternal chromo- 
somes only and its sister-nucleus exclusively maternal chromosomes. 

^ Firat BtAkd by T. H. Mojitgomcry In 1901 and by W, 3. 3otton in 1902. 
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The fact that in nuclei containing chromosomes of various sizes, 
the chromosomes which pair together in reduction-division are always 
of equal size, constitutes a further and more important proof of their 
qualitative difference. This is supported also by ingenious experi- 
ments which led to an unequal distribution of chromosomes in the 
products of division of a sea-urchin’s egg, with the result that a 
difference was induced in their further development*. 

The recently discovered fact that in diploid nuclei the chromo- 
somes are arranged in pairs affords additional evidence in favour of 
the unequal value of the chromosomes. This is still more striking in 
the case of chromosomes of different sizes. It has been shown that 
in the firet division-figure in the nucleus of the fertilised egg the 
chromosomes of corresponding size form pairs. They appear with 
this arrangement in all subsequent nuclear divisions in the diploid 
generation. The lon^tudinal fissions of the chromosomes provide 
for the unaltered preservation of this condition. In the reduction 
nucleus of the gonotokonts the homologous chromosomes being near 
together need not seek out one another; they are ready to form 
gemiiiL The next stage is their separation to liie haploid daughter- 
nuclei, whiclt have resulted fixtm the reduction process. 

Peculiar phenomena in the reduction nucleus accompany the 
formation of gemini in both organic kingdoms®. Probably for the 
purpose of entering into most intimate relation, the pairs are 
stretched to long threads in which the chromoiueres come to lie 
opposite one another®. It seems probable that these are homo- 
logous chromomcres, and that the pairs afterwards unite for a short 
time, so that an exchange of hereditary units is rendered possible*. 
This cannot be actually seen, but certain facts of heredity point 
to the conclusion that this occurs. It follows from these phenomena 
that any exchange which may be effected must be one of homologous 
carriers of hereditary units only. These units continue to form 
exchangeable segments after they have undergone unequal cliangcs; 
they then constitute allelotropic pairs. We may thus calculate what 
sum of possible combinations the exchange of homologous hereditary 
units between the pairing chromosomes provides for before the 
reduction division and the subsequent distribution of j)aternal and 
maternal chromosomes in the haploid daughter-nuclei. These nuclei 
then transmit their characters to the sexual cells, the coiyugation of 

* Demonstrate by Th, Boveri in 1902. 

* This has been shown more partioularly by the work of L. Gnign&rd, M. Mot tier, 
J. B. Fanner^ C. B. WilsoQ} V. Hacker and more recently by Y, Grdgoire and hia 
pnpU 0. A. Allen, by the researches oondneted in the Bonn Botanical Inititute, and by 
A. and K. £. Schreiner. 

» C, A* Allen, A. and K. E. Sohreiner, and Straabuiger. 

* H, de Vries and Sttas burger. 
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which ill fertilisation again produces the moat varied combinations K 
III this way all the cooperations which the carriers of hereditary 
characters are capable of in a species are produced j this must give 
it an appreciable advantage io the struggle for life. 

The admirers of Charles Darwin must deeply regret that he did 
not live to see the results achieved by the new Cytologj^^. What 
service would they have been to him in the presentation of his 
hypothesis of Pangenesis ; what an outlook into the future would 
they have given to his active mind ! 

The Darwinian hyxKithesis of Pangenesis rests on the conception 
that all inheritable properties are represented in the cells by small 
invisible particles or genmmles and that these gemmules increase by 
division. Cytology began to develop on new lines some years after 
the publication in 1868 of Charles Darwin's Provisiotial hypothesis 
of Pangenesk\ and when he died in 1882 it was still in its infancy, 
Darwin would have soon suggested the substitution of the nuclei 
for his gemmules* At least the great majority of present-day 
investigators in the domain of cytology have been led to the con- 
clusion that the nucleus is the carrier of hereditary characters, and 
they also believe that hereditary characters are represented in the 
nucleus as distiuet unita Such would be Darwin's gemmules, which in 
conformity with the name of his hypothesis may be called pangens* : 
these pangens multiply by division. AH recently adopted views may 
be thus linked on to this part of Darwin's hypothesis. It is otherwise 
with Darwin's conception to which Pangenesis owes its name, namely 
the view that all cells continually give off gemmules, which migrate 
to other places in the organism, where they unite to form repro- 
ductive cells. Wlien Darwin foresaw this possibility, the continuity 
of the germinal sul^tance was still unknown^ a fact which excludes 
a transference of gemmulea 

But even Charles Darwin s genius was confined within finite 
boundaries by the state of science in his day. 

It is not my province to deal with other theories of development 
W'hich followed from Darwin's Pangenesis, or to discuss their liisto- 
lo^cal probabilities. We can, however, affirm that Cliarles Darwin's 
idea that invisible gemmules are the carriers of hereditary characters 
and that they inultiply by division has been removed from the 
position of a provisional hypothesis to that of a well-founded theory. 
It is supported by histology, and the results of experimental work in 
heredity, which are now^ assuming extraordinary prominence, are in 
close agreement with it. 

^ A. Weismann gave the impulse to these ideaj in his theory on 
AnijnctU and PlanU under Damesticatioft, London, 1863, Chapter xxvn* 

^ So Galled by H. do Ydes in 18S9. 

* Demonstrated by Snssbamn in 1880, by Sachs in 1882, and by Weismann in 1885. 
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“THE DESCENT OP MAN" 

By G. Schwalbe. 

Professor of ArttUomy in the University of Sira^tm.ry. 

The problem of the origin of the human race, of the descent of 
man, is ranked by Huxley in his epoch-making book iftm’s Ptece in 
Nature, as the deepest with which biologj' has to concern itself, “ the 
question of questions,'' — the problem which underlies all others. In 
the same brilliant and lucid exposition, which appeared in 1863, soon 
after the publication of Danvin’s Ongin ofSpeciee, Huxloy stated his 
own views in regard to this great problem. He tells us how the idea 
of a natural descent of man gradually grew up in his mind. It was 
especially the assertions of Owen in regard to the total difference 
between the human and the Simian brain that called forth strong 
dissent from the gi'eat anatomist Huxley, and he easily succeeded in 
showing that Owen's supposed difierences had no real existence; he 
even established, on the basis of his own anatomical investigations, 
the proposition that the anatomical differences between the Marmoset 
and the Chimpanzee are much greater than those between the 
Chimpanzee and Man. 

But why do we thus introduce the study of Darwin’s Descettl of 
Man, which is to occupy'us here, by insisting on the fact that Huxley 
had taken the field in defence of the descent of man in 1863, while 
Darwin’s book on the subject did not appear till 1871 ? It is in order 
that we may clearly undei'staud how it happened that fi’om this time 
onwards Darwin and Huxley followed the same great aim in the most 
intimate association. 

Huxley and Darwin working at the same PreMenux vxaximum ! 
Huxley fiery, impetuous, eager for battle, contemptuous of the 
resistance of a dull world, or energetically triumphing over it Darwin 
calm, weighing everj- problem slowly, letting it mature thoroughly, — 
not a fighter, yet having the greater and more lasting influence by virtue 
of his immense mass of critically sifted proo&. Darwin’s hriend, Huxley, 
was the first to do him justice, to understand his nature, and to find 
in it the reason why the detailed and carefully considered book 
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on the descent of man made its appearance so late. Huxley, always 
generous, never thought of claimuig priority for himself. In enthu- 
siastic language he tells how Darwin's immortal work, The Orujin 
of Species, first shed light for him on the problem of the descent of 
man ; the recognition of a vem causa in the transformation of species 
illuminated his thoughts as with a flash. He was now content to 
leave what perplexed him, what he could not yet solve, as he says 
himself, “ in the mighty hands of Darwin." Happy in the bustle of 
strife against old aud deep-rooted prejudices, against intolerance and 
sui)CRtition, he wielded his sharp wcaimns on Darwin’s behalf ; wearing 
Darwin's armour he joyously overthrew adversary after adversary. 
Darwin spoke of Huxley as his “general agent*." Hnxley says of 
himself “ I am Darwin’s bulldog®." 

'Huis Huxley openly acknowledged that it was Darwin’s Oripiti of 
Species tliat firet set the problem of the descent of man in its true 
light, tliat made the question of the origin of the human race a 
pressing one. That this wiis the logical consequence of his book 
Darwin himself had long felt. He had been reproached with inten- 
tionally shirking the application of his theory to Man. Let us hear 
what he says on this point in his autobiography: “As soon as I had 
become, in the year 1837 or 1838, convinced that species were mutable 
productions, I could not avoid the belief that man must come under 
the same law. Accordingly I collected notes on the subject for my own 
satisfaction, and not for a long time with any intention of publishing. 
Although in the ‘Origin of Species' the derivation of any particular 
species is never discussed, yet I thought it best, in order that no 
honourable man should accuse me of concealing mg views^, to add 
that by the work ‘ light would be thrown on the origin of man and his 
history.’ It would have been useless aud iiyurious to the success of 
the book to have paradetl, w ithout giving any evidence, my conviction 
with respect to his origin*.” 

In a letter written in January, 1800, to the Rev. L, Blomefield, 
Darwin expresses himself in similar terms. "With resi>cct to man, I 
am very far from wishing to obtrude my belief; but I thought it 
dislioncst to quite conceal my opinion®’.” 

The brief allusion in the Origin of Species is so far from prominent 
and so incidental that it was excusable to assume that Darwin bad not 
touchetl ui>on the descent of man in this work. It was solely the 
de.sire to have his mas.s of evidence sufficiently complete, solely 

' Life and Lettere of Thomae Henry HiixUy, "VoS. 1. p. 171, London, 1900, 

a Ibid, p. 363. 

« No italioa in origirtaL 

* Life Lettera of Gh<Jtrle$ ^oL i* p- 03. 

» Ibid. VoL U. p. 263. 



(c) The Complete Work of Charles Darwin Online 



U4 



“ The Deacent of Man ” 



Darwin's great characteristic of never publishing till he had carefully 
weighed all aspects of his subject for years, solely, in short, his most 
fastidious scientific conscience that restrained him from challenging 
the world in with a book in which the theory of the descent 
of man was fully set fortli. niree yeare, frequently interrupted 
by ill-health, were neetled for the actual writing of the book^: the 
first edition, which apiMJared in 1871, was followed in 1874 by a much 
improved second etlition, the preparation of which he very reluctantly 
undertook®. 

This, briefly, is the history of the work, which, with the Ori/fin 
of Sj[>ceie&, marks an epoch in the history of biological sciences — the 
work with which the cautious, (Mjacc-loving investigator ventuiod 
forth from his contemplative life into the arena of strife and unrcst> 
and laid himself oi>en to all the annoyances that deejj-rooted belief 
and prejudice, and the prevailiug tendency of scientific thought at 
the time could devise. 

Darwin did not take this step lightly. Of great interest in this 
connection is a letter written to Wallace on Dec. 22, 1857*, in which 
he says, “ You ask whether I shall discuss ‘ man.' I think I sliail avoid 
the whole subject, as so surrounded with prejutliccs; though I fully 
admit that it is the highest and most interesting problem for the 
natumlist." But his conscientiousness compelled him to state briefly 
hi.s opinion on the subject in the Onffin of Species in 1859. Never- 
theless he did not escape reproaches for having been so reticent. 
This is unmistakably apparent from a letter to Fritz .Muller <lated 
Feb. 22 [1889 1], in which he says : “ I am thinking of writing a little 
essixy on the Origin of Maukiiid, as I have been taunted wth con- 
cealing my opinionsV’ 

It might be thought that Darwin behaved thus hesitatingly, and 
was so slow in deciding on the full publication of his collected 
material in regard to the descent of man, because he had religious 
difficulties to overooma 

But this was not the case, as ivc can sec from his admirable 
confassion of faith, the publication of which we owe to his sou 
Francis*. Mliocvcr ivishes I'cally to lUKlerstand the lofty character 
of this grcfit man should read these immortal lines in which he unfolds 
to us in simple and straightforward words the development of his 
conception of the univeraa lie descrilx» how, though he was still 
quite orthotlox during his voyage round the world on board the 
jBea^h, he came gradually to sec, shortly afterwards (1836 — 1839) 
that the Old Testament was no more to be trusted than the Sacred 



‘ Lf/t iiRcf Vol. f. p, 9t. 

* Ibid. Vol. II. p. 1(». 

» Ibid. Vol. I. pp. 301—317. 



* Ibid. Vol. III. p. 175. 

* Ibid. Vol. m. p. 113. 
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Books of the Hindoos; the miracles by whicli Christianity is sup- 
ported, the discrepancies between tlie accounts in the diflferent 
Gospels, gi'adually led liim to disbelieve in Christianity as a divine 
revelation, ^‘Tliiis," he wTitesS “disbelief crept over me at a very 
slow rate, but was at last complete, Tlie rate was so slow that I felt 
no distr<^*' But Darwin was too modest to presuute to go beyond 
the limits laid down by science. He wanted nothing more than to be 
able to go, freely and nnhaiiiperetl by belief in autliority or in the 
Bible, as far as human knowleilge could lead him. We learn this 
from the concluding woixJs of his chapter on religion: “The mystery 
of tlie beginning of all things is insoluble by ns ; and I for one must 
be content to remain an Agnostic®," 

Darwin was always very unwilling to give publicity to his views hi 
regard to religion. In a letter to Asa Gray on May 22, I860* he 
declares that it is always painful to him to have to enter into 
discussion of religious problems. He had, he said, no intention of 
writing atheisticaJly, 

Finally, let us cite one characteristic sentence from a letter from 
Darwin to 0, Ridley" (Nov, 28, IB/B), A clci^yman, Dr Pusey, had 
ivsserted that Darwin had written the Oriffin of Specks with some 
relation to theology, Darwin w rites emphatically, “ Many years ago, 
when I was collecting fiicts for the ^Origin/ my belief in what is 
allied a personal God was as firm m that of Dr Ptisey himself, and 
as to the eternity of matter I never troubled myself about such 
insoluble questions," The expression “many yeara ago" refei"S to 
the time of his voyage round the world, as has already been pointed 
out l>arwin means by this utterance that the views which had 
gi-adiially doveloi>ed in liis iiiind in regard to the origin of sj^ecies 
were quite comimtible with the faith of the Church, 

If we consider all these utterances of Darwin in regard to religion 
and to his outlook on life (WeltanschaimngX wc shall see at least so 
much, that religious reflection could in no way have influenced him 
ill regard to tlie writing and publishing of his book on The Descent 
of Mmu Darwin had early won for himself freedom of thought*, and 
to this freedom he remained true to the end of his life, uninfluenced 
by the customs and opinions of the world around him, 

Darwin ivas thus inwardly fortified and armed against the host of 
eahmmieg, accusations, and attacks calletl forth by the publication of 
the Ori/fin o/Speemy and to an even greater extent by the apj>earance 
of the Descent of Man, But in \m defence he could rely on the aid 
of a baud of distinguished auxiliaries of the rarest ability, Ilis 

* Life es^nd Letters, VoL i, p, 309- ® Lgc* ciL p, 313* ^ ibid* Vol* ii, p, 310, 

^ Ibid, Vol. nr, p* 336* [‘*G, Bidkj,” Mr Francis Darwin points mt to me, should be 
H, N, Bidley* A,C*S.] 
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faithfiil confederate, Huxley, was joined by the botanist Hooker, and, 
after longer resistance, by the famous geologist Lyell, whose 
“conversion” aiibrded Darwin peculiar satisfaction. All three took 
the field with enthusiasm in defence of the natural descent of man. 
From Wallace, on the other hand, though he shared with him the 
idea of natural selection, Darwin got no support in this matter. 
Wallace expressed himself in a strange manner. He admitted every- 
thing in regard to the morphological descent of man, but maintained, 
in a mystic way, that something else, something of a spiritual nature 
must have bwn added to what man inherited from his animal 
ancestors. Darwin, whose esteem for Wallace was extraordinarily 
high, could not understand how he could give uttemnee to such a 
mystical view in regard to man; the idea seemed to him so “incredibly 
strange” that he thought some one else must have added these 
sentences to Wallace’s j)aper. 

Even now there arc thinkers who, like Wallace, shrink from 
applying to man the ultimate consequences of the theory of descent 
Tlie idea that man is derived from ape-like forms is to them un- 
pleasant and humiliating. 

So far I have been depicting the development of Darwin’s work 
on the descent of man. In what follows I shall endeavour to give a 
condensed survey of the contents of the book. 

It must at once be said that the contents of Darwin’s work fall 
into two parts, dealing with entirely diflerent subjects. The Descent 
of Man includes a very detailed investigation in regard to secondary 
sexual characters in the animal series, and on this investigation 
Darwin founded a new theory, that of sexual selection. W'ith as- 
tonishing patience he gathered together an immense mass of material, 
and showed, in regard to Arthropods and Vertebrates, the wide 
distribution of secondary characters, which develop almost exclusively 
in the male, and wdiich enable him, on the one hand, to get the better 
of his rivals in the struggle for the female by the greater peifectiou of 
hie weapons, and, on the other hand, to offer gi’eater allurements to 
Uie female through the higher development of decorative characters, 
of song, or of scent-producing glands. The best equipped males will 
thus crowd out the less well-equipi>cd in the matter of reproduction, 
and thus the relevant characters will be increased and perfected 
through sexual selection. It is, of course, a necessary assumption 
that these secondary sexual characters may be transmitted to the 
female, although perhaps in rudimentary form. 

As we have said, this theory of sexual selection takes up a great 
deal of space in Darwin’s book, and it need only be considered here 
in so far as Darwin applied it to the descent of man. To this latter 
problem the whole of Part I is devoted, while Part III contains a 
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discuBsion of sexual selection in relation to man, and a general 
summary. Part II treats of sexual selection in general, and may be 
disregarded in our present study. Moreover, many interesting details 
must necessarily be passed over in what follows, for want of space. 

The first part of the Descent of Man begins with an enumeration 
of the proofs of the animal descent of man taken from the structure 
of the human body. Darwin chiefly emphasises the fact that the 
human body consists of the same organs and of the same tissues as 
those of the other mammals; he shows also that man is subject to the 
same diseases and tormented by the same parasites as the apes. He 
further dwells on the general agreement exhibited by young, em- 
bryonic forms, and he illustrates this by two figurevS placed one 
above the other, one representing a human embryo, after Ecker, the 
other a dog embryo, after Bischoffl 

Darwin finds further proofs of the animal origin of man in the 
reduced structures, in themselves extremely variable, which are 
either absolutely useless to their possessors, or of so little use that 
they could never have developed under existing conditiona Of such 
vestiges he enumerates: the defective development of the pannicutm 
carno&us (muscle of the skin) so widely distributed among mammals, 
the ear-muscles, the occasional persistence of the animal ear-point in 
man, the rudimentary nictitating membrane {plica semikinairis) in 
the human eye, the slight development of the organ of smell, the 
general hairiness of the human body, the frequently defective develop- 
ment or entire absence of the third molar (the wisdom tooth), the 
vermiform appendix, the occasional reappearance of a bony canal 
{foramen supraeondyloideuin) at the lower end of the humerus, the 
rudimentary tail of man (the so-called taiUessness), Of 

these rudimentary structures the occasional occurrence of the animal 
ear-point in man is most fully discussed. Darwin's attention was 
ciilled to this interesting structure by the sculptor Woolnen He 
figures such a case obsen^ed in man, and also the head of an 
alleged orang-foetus, the photograph of which lie received from 
Nitsche. 

Darwin's interpretation of Woolner's ease as having arisen through 
a folding over of the free edge of a pointed ear has been fully borne 
out by my investigations on the external ear® In particular, it was 
established by these investigations that the human foetus, about the 
middle of its embryonic life, possesses a pointed ear somewhat 
similar to that of the monkey genus Macacua. One of Darwin's 
statements in regard to the head of the orang-foetus must be 

' of Man (Popular Edit^ 1901)^ fig. 1, p* 14. 

3 G. Schwalbe, ^‘Daa Darvrin*sch@ Spitzohr beim monacb lichen Embryo,** Amtmn. 
Anzeiger, 1889, pp, 176—189, and other papere. 
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corrected A large ear with a point is shown in the photograph^, 
but it can easily be demonstrated— and Deniker has already pointed 
this out — that the figure is not that of an orang-foetus at all, for that 
form has much smaller ears with no point; nor can it be a giblxm- 
foetus, as Deniker supposes, for the gibbon ear is also without a 
point I myself regard it as that of a Macacus-embryo* But this 
mistake, which is duo to Nitsche, in no way aflects the fact recognised 
by Darwin, that ear-forms showing the point characteristic of the 
animal ear occur in man with extraortlinary frequency. 

Finally, there is a discussion of those rndimentary etrnctiires 
which occur only in one sex, such as the rudimentary mammar}" glands 
in the male, the vesicula prostatim^ which corresponds to the uterus 
of the female, and others. All these facts tell in fkvour of the 
common descent of man and all other vertebrates. The conclusion 
of this section is chamcteristic : It is onip our naiwtal 

and that arrogamm wMeh made our forefathers declare that theg 
were descefided from demi-goils^ which leads m to demnr to this 
amchision. Btit the time will hefeyre long comCf when it will he 
thought wonderful that nattiroMsU^ who were well acquainted %cith 
the comparative structure and development of man^ amd other 
mammals j shmdd have helieved that each was the tvorh of a s^arate 
act ofcveatimiV 

In the second chapter there is a more detailed discussion, again 
based upon an extraordinary wealth of facts, of the problem as to 
the maimer in which, and the causes through which, man evolved 
from a lower form* Precisely the same causes are here suggested for 
the origin of man, as for the origin of species in general, Vai^ability, 
which is a necessary assumption in re^rd to all transformations, 
occurs ill man to a high degree. Moreover, the rapid multiplication 
of the human mce creates conditions which necessitate an energetic 
struggle for existence, and thus afford scope for the intervention of 
natural selection. Of the exercise of artificial selection in the 
human race, there is nothing to be said, unless we cite such cases as 
the grenadiei^s of Frederick William I, or the population of ancient 
Spai^ta. In the passages already referre<l to and in those which 
follo^v, the transmission of acquired characters, upon which Darw'in 
does not dwell, is taken for granted. In man, direct effects of 
changed conditions can be demonstrated (for instance in regard 
to bodily size), and there are also proofs of the influence exerted 
on his physical constitution by increased use or disuse. Reference is 
here made to the fact, established by Forbes, that the Quechua- 
Indians of the high plateaus of Peru show a striking development 

' Descent of Man, 3 , p* 24. “ Ibid^ p. 86. 
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of lungs and thorax, as a result of IMiig constantly at higli al- 
titudes. 

Such special forms of variation as arrests of development (micro- 
cephalism) and reversion to lower forms are next discussed. Darwin 
himself felt^ that these subjects are so nearly related to the cases 
mentioned in the first chapter^ that many of them might as well have 
been dealt with there. It seems to me that it would have been better 
so, for the citation of additional instances of reversion at this place 
Hither disturbs tlie logical sequence of his ideas as to the conditions 
which have brought about the evolution of man fi*om lower forms. 
The instances of reversion here discussed are microcephalism, which 
Danvin wrongly interpreted as atavistic, supernumerary mammae, 
siipemumerary digits, bicomiiate uterus, the development of ab- 
normal muscles, and so on. Brief mention is also made of correlative 
variations observed in man. 

Darwin next discusses the question as to the manner in which 
man attained to the erect position from the state of a climbing 
qnadmpefl Here again he puts the iiifluence of Natural Selection in 
the first rank. The immediate progenitors of man had to maintain a 
struggle for existence in which success was to the more intelligent, 
and to those with social instincta Tlie hand of these climbing 
ancestors, which had little skill and served mainly for locomotion, 
could only niidergo further dcveIo[)ment w hen some early member of 
the Primate series came to live more on the ground and less among 
trees. 

A bipedal existence thus became possible, and with it the 
liberation of the hand from locomotion, and the one-sided develop- 
ment of the huma!i foot. The upright position brought about 
correlated variations in the bodily structure; with the free use of 
the hand it became possible to manufacture weapons and to use 
them; and this again resulted in a degeneration of the powerthl 
canine teeth and the jaws, wdiich were then no longer iiecessar}" for 
defence. Above all, however, the intelligence immediately increased, 
and with it skull and bmin. Hie nakedness of man, and the absence 
of a tail (nidimentariness of the tail vertebrae) are next discussed. 
Darwin is inclined to attribute the nakedness of man, not to the 
action of natural selection on ancestors who originally inhabited 
a tropical land, but to sexual selection, which, tor aesthetic reasons, 
brought about the loss of the hairy covering in man, or primarily in 
woman. An interesting discussion of the loss of the tail, which, 
however, man shares with the anthropoid aj)es, some other monkeys and 
lemurs, forms the conclusion of tlie almost superabundant material 
which Darwdn worked up in the second chapter. His object was to 

^ I>€sctnt 0f Ma% p. 54. 
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§how that some of the most distinctive human characters are in all 
probability directly or indirectly due to natural selectioo* With 
characteristic modesty he addsM ^^ Hence, if I have erred in giving 
to natural selection great power, which I am very far fi‘om ad- 
mitting> or in having exaggerated its power, which is in itself 
prol>abIe, I have at least, as I hope, done good service in aiding to 
overthrow the dogma of separate creations/' At the end of the 
chapter li© touches upon the objection as to man's helpless and 
defenceless condition* Against this he urges his intelligence and 
social instincts* 

The two following chapters contain a detailed discussion of the 
objections drawn from the supposed great differences between the 
mental powers of men and animals. Darwin at once admits that the 
differences are enormous, but not that any fundamental difference 
between the two can bo found. Very characteristic of him is the 
following passage : “ In what maimer the mental powers were first 
developed in the lowest organisms, is as hopeless an enquiry as how 
life itself first originated These are problems for the distant future, 
if they are ever to be solved by man I'' 

After some brief observations on instinct and intelligence, Darwdn 
brings forward evidence to show that the greater number of the 
emotional states, such as pleasure and pain, happiness and misery, 
love and hate are common to man and the higher animals* He goes 
oil to give various examples showing that wonder and curiosity, 
imitation, attention, memory and imagination (dreams of animals), 
can also be observed in the higher mammals, especially in apes. In 
regard even to reason there are no sharply defined limita A certain 
faculty of deliberation is characteristic of some animals, and the more 
thoroughly we know an animal the more intelligence we are inclined 
to credit it with. Examples are brought forwaixi of the intelligent 
and delibemte actions of apes, dogs and elephants. But although no 
sharply defined differences exist between man and animals, there is, 
nevertheless, a series of other mental powers which arc characteristics 
usually regarded as absolutely peculiar to man. Some of th^e charac- 
teristics are examined in detail, and it is showTi that the arguments 
drawn from them are not conclusive* Man alone is said to be capable 
of progressive improvement; but against this must be placed as some- 
thing analogous in animals, the fact that they learn cunning and 
caution through long continued persecution* Even the use of tools is 
not in itself peculiar to man (monkeys use sticks, stones and twigs), 
but man alone fashions and uses implements designed for a special 
purpose. In this connection the remarks taken from Lubbock in 
regard to the origin and gradual development of the earliest flint 

^ Desetni of Man, p, 92. 2 Xbid, p. 100. 
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implements will be read with interest; these are similar to the 
obserYations on modem eoliths, and their bearing on the deTcIop* 
ment of the stone-indnstrj. It is interesting to learn from a letter 
to Hooker \ that Darwin himself at first doubted whether the stone 
implements discovered by Boucher de Perthes were really of the 
nature of tools. With the relentless candour as to himself which 
characterised him, he ^\Tites four years later in a letter to Lyell in 
regard to this view of Boucher de Perthes' discoveries: “I know 
something about his errors, and looked at his book many years ago, 
and am ashamed to think that I concluded the whole was rubbish ! 
Yet he has done for man something like w^hat Agassiz did for 
glaciers^/' 

To return to Darwin's further comparisons between the higher 
mental powers of man and animala He takes much of the force 
from the argument that man alone is capable of abstraction and 
self-consciousness by his own observations on dogs. One of the 
main differences between man and animals, speech, receives detailed 
treatment He points out that various animals (birds, monkeys, 
dogs) have a large number of different sounds for different emotions, 
that, further, man produces in common with animals a whole series 
of inarticulate cries combined with gestures, and that dogs learn to 
understand whole sentences of human speech. In regard to human 
language, Darwin expresses a view contrary to that held by Max 
Muller* : cannot doubt that language owes its origin to the 

imitation and modification of various natural sounds, the voices of 
other animals, and man's own instinctive cries, aided by signs and 
gestures." The development of actual language presupposes a 
higher degree of intelligence than is found in any kind of ape, 
Darwin remarks on this point ‘^The fact of the higher apes not 
using their vocal organs for speech no doubt depends on their 
intelligence not having been sufficiently advanced/' 

The sense of beauty, too, has been alleged to be peculiar to man. 
In refutation of this assertion Darwin points to the decorative colours 
of birds, wliich are used for display. And to the last objection, that 
man alone has religion, that he alone has a belief in God, it is 
answered “that oumerous races have existe<l, and still exist, who 
have no idea of one or more gods, and who have no words in their 
languages to express such an idea*." 

The result of the investigations recorded in this chapter is to 
sliow that, great as the difference in mental powers between man and 

1 Life and Letters^ Vol. ii. p. 161, Jtme 22, 1S59. 

^ Ihid. Yol m. p. 15, March IT, 1853. 

* Descent of p. 132. Ibid, pp- 136, 137. 

® p. 143. 
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tlie higher animals may be^ it is undoubtedly only a diiference ** of 
degree and not of kiiid^," 

In the fourth chapter Darwin deals with the mo7Xti seme or 
conscience, which is the most important of all differences betw^een 
man and animals* It is a result of social instincts, which lead to 
sympathy for other members of the same society, to non-egoistic 
actions for the good of others. Darwin shows that social tendencies 
are found among many animals, and that among these love and kin- 
sympathy exist, and he gives examples of animals (especially dogs) 
which may exhibit charactei's that we should call moral in man 
(c.g. disinterested self-sacrifice for the sake of others). The early 
ape-like progenitors of the human race were undoubtedly social* 
With the increase of intelligence the moral sense develops farther; 
with the acquisition of speech public opinion arises, and finally, 
moral sense becomes liabiL The rest of DarwiiVs detailed disenssiong 
on moral philosophy may be passed over. 

The fifth chapter may be very briefly summarised. In it Darwin 
shows that the intellectual and moral faculties are perfected through 
natural selection* He inquires how it can come about that a tribe at 
a low level of evolution attains to a higher, although the best and 
bi*avest among them often pay for their fidelity and courage with 
their lives without leaving any descendants* In this case it is the 
sentiment of glory, praise and blame, the admiration of others, 
which bring about the increase of the better members of the tribe* 
Property, fixed dwellings, and the association of families into a 
community arc also indispensable requirements foi* civilisation. In 
the longer second section of the fifth chapter Darw^in acta mainly as 
recorder. On the basis of numerous investigations, especially those 
of Greg, Wallace, and Galton, he inquires how far the influence of 
natural selection can be demonstrated in regard to civilised nations* 
In the final section, wddeh deals with the proofs that all civilised 
nations were once barbarians, Darwin again uses the results gained 
by other investigators, such as Lubbock and Tylor. There arc two 
sets of facts which prove the proposition in question. In the fii'st 
place, we find traces of a former lower state in the customs and 
beliefs of all civilised nations, and in the second place, there are 
proofs to show that savage races are independently able to mige 
themselves a few steps in the scale of civilisation, and that they have 
thus mised themselves* 

In the sixth chapter of tlie work, Morphology comes into the 
foregroun<i once more* Darwin first goes back, however, to the 
argument based on the great difference between the mental powders 
of the highest animals and those of man* That this is only quanti- 

^ Descent of Many p- 193* 
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tative, not qnalitatiTe, he has already shown. Very instnictive in 
this connection is the reference to the enormous diflfbrence in mental 
powers in another clasa No one would draw from the fact that the 
cochineal insect (Coccus) and the ant exhibit cnonnoiis diflerences in 
their mental powers, the conclusion that the ant should therefore 
be regarded as something quite distinct, an<l withdiawn from the 
class of insects altogether. 

Darwin next attempts to establish the ^cc\fie genealogical tree of 
man, and carefully weighs the differences and resemblances betw'een 
the different families of the Primates. The erect irosition of man is 
an adaptive character, just as are the various characters referable to 
aquatic life in the seals, which, notwithstanding these, are ranked as 
a mere family of the Carnivores. The following utterance is very 
characteristic of Darwin*: "If man had not been his own classifier, 
he would never have thought of founding a separate order for his 
o\m reception.” In numenms characters not mentioned in systematic 
works, in the features of the face, in the form of the nose, in the 
structure of the external ear, man resembles the apes. The arrange- 
ment of the hair in man has also much in common with the apes ; as 
also the occurrence of hair on the forehead of the human embryo, 
the beard, the convergence of the hair of the upper and under ami 
towards the elbow, which occurs not only in the anthropoid apes, 
but also in some American monkeys. Darwin here adopts Wallace’s 
explanation of the origin of the ascending direction of the hair in the 
foreami of the orang,— that it has arisen through the habit of holding 
the hands over the head in rain. But this explanation cannot be 
maintained when we consider that this disposition of the hair is widely 
distributed among the most different mammals, being found in tlie 
dog, in tlie sloth, and in many of the lower monkeys. 

After further careful analysis of the anatomical characters Darwin 
reaches the conclusion that the New World monkeys (Platyrrhine) 
may be excluded from the genealogical tree altogether, but that man 
is an offshoot from the Old World monkeys (Catarrlnne) whose 
progenitors existed as far liack as the l\Iiocene jxjriod. Among these 
Old World monkeys the forms to which man shows the greatest 
resemblance are the anthropoid ajies, which, like him, jHissess neither 
tail nor ischial callosities. The platyrrhine and catarrlnne monkeys 
have their primitive ancestor among extinct fonns of the Lemuridae. 
Darwin also touches on the question of the original home of the 
human race and supposes that it may have been in Afi'ica, because 
it is there that man’s nearest relatives, the gorilla and the chimpanzee, 
arc found. But he regards speculation on this point as useless. It is 
remarkable that, in this connec’tion, Darwin regards the loss of the 
1 Dencmit of p. 23 L 
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hair-covering in man as having some relation to a warm climate^ 
while elsewhere he is inclined to make sexual selection responsible 
for it* Darwin recognises the great gap between man and his nearest 
relatives, but similar gaps exist at other parts of the mammalian 
genealogical tree : the allied forms have become extinck After the 
extermination of the lower races of mankind, on the one hand, and of 
the anthropoid apes on the other, which will undoubtedly take place, 
the gulf will be greater than ever, since the baboons will then bound 
it on the one side, and the white races on the other. Little weight need 
be attached to the lack of fossil remains to fill up this gap, since the 
discovery of these depends upon chance. The last part of the chapter 
is devoted to a discussion of the earlier stages in the genealogy of 
man. Here Darwin accepts in the main the genealogical tree, which 
had meantime been published by Haeckel, who traces the pedigree 
back through Monotremes, Reptiles, Amphibians, and Fishes, to 
Ampliioxus. 

Then follows an attempt to reconstruct, from the atavistic 
characters, a picture of our primitive ancestor who was undoubtedly 
an arboreal animal. Tlie occurrence of rudiments of parts in one 
sex which only come to full development in the other is next 
discussed. This state of things Darwin regards as derived from an 
original hermaphroditism. In regard to the mammary glands of the 
male he does not accept the theory that they are vestigial, but 
considers them rather as not fully developed 

The last chapter of Part I deals with the question whether the 
different races of man are to be regarded m different species, or as 
sub-species of a race of monophyletic origin. The striking differences 
between the races are first emphasised, and the question of the 
fertility or infertility of hybrids is discussed. That fertility is the 
more usual is shown by the excessive fertility of the hybrid popula- 
tion of Brazil. This, and the great variability of the distinguishing 
characters of the different races, as weO as the fact tliat all grades 
of transition stages are found between these, while considerable 
general agreement exists, tell in favour of the unity of the races 
and lead to the conclusion that they all had a common primitive 
ancestor. 

Darwin therefore classifies all the different races as sub-species of 
one and the same species. Then follows an interesting inquiiy into 
the reasons for the extinction of human races. He recognises as the 
ultimate reason the injurious effects of a change of the conditions of 
life, which may bring about an increase in infantile mortality, and a 
diminished fertility. It is precisely the reproductive system, among 
animals also, which is most susceptible to changes in the environ- 
ment. 
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The final section of this chapter deals with the formation of the 
races of mankind. Dar^vin discusses the question how far the direct 
effect of different conditions of life, or the inherited effects of in- 
creased use or disuse may have brought about the characteristic 
differences between the different races. Even in regard to the origin 
of the colour of the skin he rejects the transmitted effects of an 
original difference of climate as an explanation. In so doing he is 
following his tendency to exclude Lamarckian explanations as far as 
possible* But here he makes gratuitous difficulties from which, since 
natuml selection fails, there is no escape except by bringing in the 
principle of sexual selection, to which, he regarded it as possible, 
skin-colouring, arrangement of hair, and form of features niiglit 
be traced* But with his characteristic conscientiousness he guards 
himself thus : “ I do not intend to assert that sexual selection will 
account for all the differences between the races 

I may be permitted a remark as to Darwin's attitude tow^artis 
Lamarcic Wliile, at an earlier stage, when he was engaged in the 
preliminary labours for his immortal work, Tfie Origin of Species^ 
Darwin expresses himself very forcibly against the views of Lamarck, 
8i>eaking of Lamarckian nonsense^,” and of Lamarck^s absurd, 
though clever work®" and expressly declaring, “I attribute very 
little to the direct action of climate, yet in later life he 

became more and more convinced of the inffuence of external con- 
ditions. In 1876, that is, two yeai*s after the appearance of the 
second edition of The Descent oj Ma% he writes with his usual 
candid honesty : “ In my opinion the greatest error which I have 
committed, has been not allowing sufficient weight to the direct 
action of the environment, Le* food, climate, etc. independently of 
natural selection It is certain from this change of opinion that, 
if he had been able to make up his mind to issue a third edition of 
The Descent of Man^ he would have ascribed a much greater in- 
fluence to the effect of external conditions in explaining the different 
characters of the races of man than he did in the second edition* 
He would also undoubtedly have attributed less influence to sexual 
selection as a factor in the origin of the different l>odily characteristics, 
if indeed he would not have excluded it altogether* 

In Part III of the Dmee^U two additional chapters are devoted to 
the discusBion of sexual selection in relation to man* These may be 
very briefly referred to* Darwin here seeks to show that sexual 
selection has been operative on man and his primitive progenitor. 
Space fails me to follow out his interesting arguments. I can only 
mention that he is inclined to trace back liaiiiessness, the development 

1 of Man^ p. 308. ® Life (ind Letters^ Toi IL p. 23. 

» Lqc. oiu p. 30- ^ Loc, cit (1856), p. 82. Ibid. Vol. m. p. 169. 
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of the beard in man, and the characteriatic colour of the different 
human races to sexual selection. Since bareness of the skin could be 
no advantage, but rather a disadvantage, this chai’acter cannot have 
been brought about by natural selection. Darwin also rejected a 
direct inducnce of climate as a cause of the origin of the skin*colour. 
I have already expressed the opinion, based on the development of 
his views as shonii iu his letters, that in a third edition Darwin would 
probably have laid more stress on the influence of external environ- 
ment He himself feels that there are gaijs in his proofs here, and 
says in self-criticism: “The views here advanced, on the i>art which 
sexual selection has played iu the history of man, want scientific 
precision I need here only point out that it is impossible to 
explain the graduated stages of skin-colour by sexual selection, since 
it would have produced races sharply defined by their colour and not 
united to other races by ti'ansition stages, and this, it is well known, 
is nut the case. Moreover, the fact established by me^ tliat in all 
races the ventral side of the trunk is paler than the dorsal side, and 
the inner surface of the extremities paler than the outer side, cannot 
be explained by sexual selection in the Darwinian sense. 

With this I conclude my brief survey of the rich contents of 
Darwin’s book. I may be permitted to conclude by qvioting the 
magnificent final w'ords of The De$cent of Man\ “We must, however, 
acknowledge, as it seems to me, that man, mth all his noble qualities, 
with sympathy which feels for the most debased, with benevolence 
which extends not only to other men but to the humblest living 
creature, with his god-like intellect which has peneti'atcd into the 
movements and constitution of the solar system — with all these 
exalted imwers — Man still bears in his bodily frame the indelible 
stamp of his lowly origin®.” 

Miiat has been the fate of Darwin’s doctrines since Ids great 
achievement ? How have they been received and follow ed up by the 
scientific and lay w’orld ? And what do the successors of the mighty 
hero and genius think now in regard to the origin of the human 
race? 

At the present time we are iucoinparably more favoiimbly placed 
than Darwin w'as for answering this question of all questions. We 
have at our coimimnd an incomparably greater wealth of material 
than he had at his disposal. And w’e are more fortunate than he iii 
this respect, that we now know transition-forms which help to fill up 
the gap, still great, between the low'est human races and the highest 

1 Denmnt of Man^ p* 924. 

** Di© Hautfarb© dm Menechen,” MiUHlmgen der AnthropologUcJien QcHlltshaft in 
Wieitf Voi. pp. 331—352. 

» Ibid, p, 947, 
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apes. Let us consider for a little the more essential additions to our 
knowledge since the publication of Tfte Descent of Man. 

Since that time our knowledge of animal embryos iias increased 
cnonnuusly. Wiiie Darwin was obliged to content himself witli 
comjuiring a Imiuan embryo with that of a dug, there are now avail- 
able the youngest embryos of monkeys of all possible groups (Oi'ang, 
Gibbon, Scmnopithecus, Macacus), thanks to Selenka’s most successful 
tour in the East I ndies in search of such material. W e can now compare 
corresponding stages of the lower monkeys and of the Antliropoid 
apes witli human embryos, and convince ourselves of their great 
resemblance to one another, thus strengthening enormously the 
armour preiiared by Darwin in defence of his view on man’s nearest 
relatives. It may said that Selenka’s material fills up the blanlcs 
in Darwin’s army of proofs in the most satisfactory manner. 

The dee^iening of our knowledge of comparative anatomy also 
gives us much surer foundations than those on which Darwin was 
obliged to build. Just of late there have been many workers in the 
domain of the anatomy of a{>es and lemurs, and their investigations 
extend to the most dift’eretit organs. Our knowledge of fossil apes 
and lemiim has also become much wider and more exact since 
Dirwin’s time ; the fossil leinum have been especially worked up 
by Cope, Forsyth Major, Ameghino, and othem Darwin knew very 
little about fossil monkeys. He mentions tw'u or three anthropoid apes 
as occurring in the iliocene of Europe*, but only names Dryopithems, 
the largest form fi-om the Miocene of France. It was erroneously 
supposed that this form was related to Hylobates. Wo now know 
not only a fonn that actually stands near to the gibbon {Pliopi- 
theens), and remains of otlier anthropoids {Pliohylobates and the 
fossil chimpanzee, Palaeopithecns), but also seveml lower catarrhiue 
monkeys, of which Mesopithecus, a fonn nearly related to the modern 
Sacred Monkeys (a species of Semiu^ithccns) and found in strata of tlie 
Miocene period in Greece, is the most important Quite recently, too, 
Ameghino’s investigations liavc made us acquainted with fossil monkeys 
fi’om South America {Avihropops, Homunculus), which, according to 
their discoverer, are to be regarded as in the line of humaik descent 

Wiat Darwin missed most of all — intermediate forms between 
ai)cs and man — has been recently funiished. E. Dubois, as is w'cll 
known, discovered in 189.3, near Triuil in Java, in the alluvial 
deimsits of the river Beugaw'an, an important fonn represented by 
a skull-cap, some molai*s, and a femur. His opinion — much disputed 
as it has been — that in this form, which he named Pithecanthropus, 
he has found a long-desired transition-form is shared by the present 
writer. And although the geological age of these fossils, which, 

* Duceni of Man, p, 210. 
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according to Dubois, belong to the uppermost Tertiary aeries^ the 
Pliocene, has recently been fixed at a later date (the older Diluvium), 
the morphological value of these interesting remains, that is, the inter- 
mediate position of PithecanthropuSf still holds good* Vok says with 
justice > that even if Pithecanthropus is not the missing link, it is 
undoubtedly a missing link* 

As on the one hand there has been found in PUhecardhropm a 
form w'hich, though intermediate betw^een apes and man, is never* 
theless more closely allied to the apes, so on the other hand, much 
progress has been made since Darwin's day in the discovery and 
description of the oldest human remains. Since the famous roof of 
a skull and the bones of the extremities belougiiig to it w^ere found 
in 1850 in the Xcandertal near Diisseldorf, the most varied judgments 
have been expressed in regard to the significance of the remains and 
of the skull in particular. In Darwin's DescenJt of Man there is only 
a passing allusion to them® in comiection with the discussion of the 
skull-capacity, although the investigations of Schaaffhauseii, King, 
and Huxley w^ere then known* I beliei^e I have shown, in a series of 
papers, that the skull in question belongs to a form different from 
any of the races of man now' living, and, with King and Cope, I regard 
it as at least a different species from living man, and have therefore 
designated it Hmio primigmims* The form unquestionably belongs to 
the older Diluvium, and in the later Diluvium human fonns already 
appear, which agree in all essential points with existing human racea 
As far back as 1886 the value of the Neandertal skull was greatly 
enhanced by Fraipont's discovery of tw'o skulls and skeletons from 
Spy in Belgium. These are excellently described by their discoverer®, 
and are regarded as belonging to the same group of forms as the 
Keandeiial remains. In 1899 and the following years came the 
discovery by Gorjanovic-Kramberger of differeiit skeletal parts of at 
least ten individuals in a cave near Krapiiia in Croatia^. It is in 
particulai' the fonn of the low er jaw which is different from that of 
all recent races of man, and which clearly indicates the lowiy position 
of Homo primigenim^ while, on the other hand, the long-knowui skull 
from Gibmltar, which P have referred to Homo j^rimigenins^ and 
which has lately been examined in detail by SoUas®, has made us 

1 ** Das geologische Alter der Pitliecanthrcipus-Sebiehtea bei Triuil, Oet- Java.** 

Jahth. /. Fastband, 1907. 

Dticmt Crj Afan, p. 82. 

3 » La rac<i hmuaine do Neanderthal on de CanBiatt en Belgiq^ue,” Arch, ds 
nt. 1887. 

* Gorjanovie-Krambergor. Dtr dilmiak vm Kraj^ina in KroutieUt 1908. 

® Studien zur VoTg^schichk dei 1906, pp. 184 flf. 

« “On the cranial and facial characters of the Neandertal Bac©.** rraJW. Soc. 
London, vd. 199, 1908, p. 281. 
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acquainted ivith tlie sui-prising shape of the eye-orbit, of the nose, 
and of tlie whole upper piirt of tiie face. Isolated lower ja\vs found 
at La Naiilctte in Belgium, and at Malariiand in France, increase 
our material which is now as abundant as could be desired. The 
most recent discovery of all is that of a skttll dug up In August of 
this year [1908] by Klaatsch and Hauser in the lower grotto of the 
Lc Atousticr in Sou them Fnuice, but this skull has not yet been fully 
described. Thus Homo prbnigenius must also be regarded as 
occupying a |K)sition in the gap existing between the highest apes 
and the lowest human races, PitJuxanihropm, standing in the lower 
part of it, and Homo primiffcnim in the higher, near man. In order 
to prevent inisuudei'stauding, 1 should like here to emphasise that in 
arranging this structural series — anthropoid apes, PiPttcaiUhropitgy 
Homo primigenm^, Hoim mpiem — 1 have no intention of estab- 
lisbiug it as a direct genealogical series. 1 shall have something to 
say in regsird to the genetic relations of these fonns, one to another, 
when discussing the different theories of descent current at the 
present day^ 

In quite a different domain from that of morphological relation- 
ship, namely in the physiological study of the blood, results have 
recently been gsiiiicd which are of the highest importance to the 
doctrine of dcseeut. Uldenlinth, Nuttall, and others have established 
the tact that the blood-serum of a rabbit which has previously had 
human blood injected into it, fonns a precipitate with human blood. 
Tliis biologiail reaction was tried with a great variety of mammalian 
species, and it was found that those far removed from man gave no 
precipitate under these conditions. But as in other cases among 
mammals all iicixrly related forms yield an almost equally marked 
precipitate, so the serum of a rabbit treated with human blood and 
then added to the blood of an antlirotmid ai>e gives almost as marked 
a precii>itate as in liuman blood ; the reaction to the blood of the 
lower Ka.stern monkeys is weaker, that to the Wcstcni monkeys 
weaker still ; indeed in this last case there is only a slight clouding 
after a considerable time and no actual precipitate. Tlie bloo<l 
of the Leimiridae (Nuttall) gives no reaction or an extremely weak 
one, that of the other mammals none whatever. We have in this not 
only a proof of the literal blood-relationship between man and apes, 
but the degree of relationship with the different main groups of apes 
can be determined beyond possibility of mistake. 

^ [Sincf? this essay was written SchoeteiiBaok has dipcovored neat Hoidel Wg and briefly 
described an exceedingjy interesting lower jaw from rooki between tho Plioeono and 
Diluvial beds. This exhibits interesting diderences from the forms of lower jaw of 
H&im primi'yffniws, (Sahoetensaokj Der Unitrkitfer d€» Homo heidelbctgenjsi^* Leipzig, 
1&08.) G. SO 
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Finally, it imiat be briefly mentieiied that in regard to remains 
of human liaudicraft also, the material at oiir disposal has greatly 
increased of late years, that, as a result of this, the opinions of 
archaeologists have undergone many changes, and that, in particular, 
their views in regard to the age of the human race have been greatly 
influenced There is a tendency at the present time to refer the 
origiji of man back to Tertiary times. It is true that no remains 
of Tertiary man have been found, but flints have been discovered 
which, accord iitg to the opinion of most investigators, bear traces 
eiUjer of use, or of very primitive workinaiishii>. Since Rtitot's tinte, 
following Mortillct's examj)lc, investigators have called these ‘‘eoliths," 
and Uiey have been traced back by Verwom to the Miocene of the 
Auveigne, and by Itiitot even to the upper Oligoccne Although 
these colitlis are even nowadays the subject of many different views, 
the preoccupation with them has kept the problem of the age of the 
Iniman race continually before us. 

Geology, too, has made great progress since the days of Darwin 
and Lyell, and has endeavoured with «»tisfactory results to arrange 
the human reinaius of the Diluvial iKfriod in chroiioloj^cal order 
(Penck). [ do not intend to enter »i>on the question of the 
primitive home of the Iniman race; since the S[iacc at my dis- 
posal will not allow of my touching even very briefly upon all the 
deixnrtmcnts of science which arc concerned in the problem of 
the descent of man. How Ihu'win would have rejoiced over 
each of the discoveries here briefly outlined ! MHiat use he 
would have made of the new and precious material, which would 
have prevented the discouragement from which he suftered when 
preparing the second edition of The Descent of Man \ But it was 
not granted to him to see this progress towards filling up the gaps 
in his edifice of which he was so i>ainfutly conscious. 

He did, however, have the satisfaction of seeing his ideas steadily 
gaining ground, notwithstanding much hostility and deep-rooted 
prejudice. Even in the years between the appearance of The Origm 
of Species and of the first edition of the DesaoU, the idea of a 
natural descent of man, which was only briefly indicated in the work 
of 1A59, had been eagerly wclctuncd in some quarters. It has been 
already iminted out how brilliantly Huxley contribute<l to the de- 
fence and difl'usiou of Darwin’s doctrines, and how in Ma 7 t‘s Dlaee 
in Jffaiure ho has given us a classic work as a foundation for the 
doctrine of the descent of man. As Huxley was Darwin’s champion 
in England, so in Germany Carl Vogt, in particular, made himself 
master of the Darwinian ideas. But above all it was Haeckel who, 
ill energy, eagerness for battle, and knowledge may be placed side by 
side with Huxley, who took over the leadership in the controversy 
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over the new conception of the unirerse. As far back as 18C6, in liis 
Generdle Morphologie, he had inquired minutely into tlic question of 
the descent of man, and not content with urging merely the general 
theory of descent fi’om lower animal fonns, he drew up for the first 
time genealogical trees showing the close structural relationships of 
the different animal groups; the last of these illustmtcd the relation- 
ships of Mammals, and among them of all groups of the Pi-imates, 
including man. It was Haeckel’s genealogical trees that formed the 
basis of the special discussion of the relationships of man, in the 
sixth chapter of Darwiu’s Descent of Man, 

In the last section of this essay I shall return to Haockefs eon- 
ception of the special descent of man, the main features of which he 
still upholds, and rightly so. Haeckel has contributed more than any 
one else to the spread of the Darwinian doctrine. 

I can only allow myself a few words as to the spread of the theory 
of the natural descent of man in other countries. The Parisian 
anthropological school, founded and guided by the genius of Broca, 
took lip the idea of the descent of man, and made majiy notable 
contributions to it (Broca, Manouvrier, Mahoudeau, Denikcr and 
others). In England itself Darwin's work did not die. Huxley took 
care of that, foi- he, with his lofty and unprejudiced mind, dominated 
and inspired English biology until his death on June 29, 1895. He 
had the satisfaction shortly before his death of learning of Dubois' 
discovery, which he illustrated by a humorous sketch*. But there 
are still many followei-s in Darwin's footsteps in England. Keane 
has worked at the special genealogical tree of the Primates ; Keith 
has inquired wliich of the anthropoid aj)es lias the greatest nuinlier 
of characters in common with man ; Morris concerns himself with the 
evolution of man in general, esiiecially with his acquisition of the 
erect position. Tlie recent discoveries of Pithecanthropus and Hmno 
primigeniiis are being vigorously discussed ; but the present writer 
is not in a po.sition to fonn an opinion of the extent to which the 
idea of descent has penetrated throughout England generally. 

In Italy independent work in the domain of the descent of man is 
being produced, especially by jMorselli ; with him are associated, in 
the investigation of related problems, Sergi and Giuflrida-lluggeri. 
From the ranks of American investigators we may single out in 
partionlar the eminent geologist Cope, who championed with much 
decision the idea of the specific difference of Homo iiearuJertaUnsis 
(primipemm) and maiutaiiied a more direct descent of man from the 
fossil Lemuridae. In South America too, in Argentina, uew life is 
stirring in this department of science. Ameghiiio in Buenos Ayres 
has awakened the fossil primates of the Pampas formation to new 

^ Life and Letiere of Thomas Hetmj YoU ii» 
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life ; he even believes that in his Teimprotkomo^ represented by a 
femur, he 1ms discovered a direct ancestor of man, Lchmanu-Nitsche 
is working at tlio other side of the gulf between apes and men, and 
he describes a remarkable first cervical vertebm (atlas) from Monte 
riei^nioso as belonging to a form which may bear the same relation 
to Horn/} nwphm in South America as Horm primujmmm <locs in 
tlie Old World* After a minute iiivestigatioD he establishes a human 
species Honm while Ameghino ascribes this atlas vertebra 

to his TelTiiprothonvo. 

Thus throughout the whole scientific world there is arising a 
new life, an eager endeavour to get nearer to Huxlcy*s 

to penetrate more deeply into tlie origin of the human 
race. There are to-day very few experts in anatomy and Koology 
who deny the animal descent of man in general. Heligioiis con- 
siderations, old prejudices, the reluctance to accept man, who so far 
suri>asses mentally all other creatures, as descended from ''gonlless " 
animals, prevent a few investigators from giving full adherence to 
the doctrine. But there are very few of these who still i>ostulate 
a special act of creation for man. Altliough the majority of experts 
in anatomy and zoology accept unconditionallj the descent of man 
from lower forms, thei*e is much diversity of opinion among them in 
regard to the special line of descent 

In trying to establish any special hypoth^is of descent, whether 
by the grapluc method of drawing up genealogical trees otherwise, 
let us always bear in niind Darwin’s words^ and use them as a critical 
guiding line : As we have no record of the lines of descent, the 

pedigree can be discovered only by observing the degrees of re- 
semblance l>etwee!i the beings which are to be classed.” Darwin 
carries this further by stating ^Hhat resemblances in several 
unimportant structures, in useless and rudimentary organs, or 
not now functionally active, or in an embryological condition, are 
by far the most serviceable for classification®.” It has also to be 
remembered that separate points of agreement are of 

much greater imi>ortancc tliaii the amount of similarity or dis- 
similarity ill a few points. 

The hyiKithescs as to descent current at tlie present day may be 
divided into two main groups. The first group seeks for tlie roots 
of the human race not among any of the families of tlie ajics — the 
anatomically nearest forms — nor among their very similar but less 
siKJcialiscd ancestral forms, the fossil representatives of wliich 
w'e can knoiv only in jmrt, biit^ setting the monkeys on one side, 
it seeks for them lower down among the fossil Eocene Pscudo- 
Icmuridae or Lemuridae {Coi)C), or even among the primitive 

* D€*<€nt of Man, p* 329, * Loc. cit. 
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pcntatlactylous Eocene forms, wliicli may eitlier have led directly 
to the evolution of man (Adloff), or have given rise to an ancestral 
form common to aijes and men (Klaatsch^ Giuffirida-Ruggeri). The 
common ancestral form, fi'om which man and apes are thus supposed 
to have arisen independctitly, may explain the numerous resemblances 
which actually exist between them. That is to say, all the charactei‘3 
upon which the great structural rcscmblauco between apes and 
man depends must have been present in their common ancestor. 
Let us take an example of such a common character. The bony 
external ear-pa-ssage is in general as highly develojMjd in tlve lower 
Eastern monkeys and the anthropoid apes as in man, Tliis character 
must, therefore, have already been present in the common primitive 
form. In that case it is not ea.sy to understand why the Western 
monkeys have not also inherited the character, instead of possessing 
only a tympanic ring. But it becomes more intelligible if we assume 
that forms with a pi’imitive tympanic I’ing were the original type, and 
that from these were evolved, on the one hand, the existing Now 
World monkeys with persistent tympanic ring, and on the other an 
ancestral form common to the lower Old World monkeys, the anthro- 
poid apes and man. For man s!iare.s with these the chameter in 
question, and it is also one of the “unimporbuit” characters required 
by Darwin. Thus we have two divergent lines arising from the 
ancestral form, the Western monkeys (Platyniiine) on the one hand, 
and an ancestnil form common to the lower Eastern monkeys, the 
anthropoid apes, and man, on the other. But considerations similar 
to tlmse winch showed it to be impossible that man should have 
developed from an ancestor common to him and the monkeys, yet 
outside of and parallel with these, may be urged also against the 
likelihood of a paiallel evolution of the lower Eastern monkeys, the 
anthropoid apes, and man. The anthropoid apes Imve in common 
with man many charactci’s whicli are not present in tlie lower Old 
World monkeys. These chai’actcrs must therefore have been present 
ill the ancestral form common to the three gi’oups. But here, again, 
it is difficult to understand wliy tlie lower Eastern monkeys should 
not also have inheiited these characters. As this is not the case, 
there remains no alternative but to assume divergent evolution from 
an indifferent form. Tlic lower Eastern monkeys are carrying on 
the evolution iii one direction — I might almost say towards a blind 
alley — while anthropoids and men have struck out a progressive 
liath, at first in common, which explains the many points of re- 
semblance between them, without regarding man as derived directly 
from tlie anthropoids. Tlicir many striking points of agreement 

I Klaatsch in his last publications Bpeaks in the main only of an ancestral form 
cO'tnmon to men and aulbropoid apes* 
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indicate a common descent, and cannot be explained as phenomena 
of convergence. 

T believe 1 have shown in the above sketch that a theory which 
derives man directly from lower forms without regarding apes as 
transition-types leads ad ahmrdmn. The close structural relation- 
ship between man and monkeys can only be understood if both are 
brought into the same line of evolution. To trace man’s line of 
descent directly back to the old Eocene mammals, alongside of, but 
with no relation to these very similar forms, is to abandon the method 
of exact comparison, which, as Darwin rightly recognised, alone 
justifies us in dmwing up genealogical trees on the basis of resem- 
blances and differences. The farther down we go the more does the 
ground slip from beneath our feet. Even the Lemuridae show very 
numerous divergent conditions, much more so the Eocene mammals 
(Creodonta, Condylarthra), the chief resemblance of which to man 
consists in the possession of pentadactylous hands and feet ! Thus 
the farther coui-se of the line of descent disappears in the darkness 
of the ancestry of the mammals. With just as much reason we might 
pass by the Vertebrates altogether, and go back to the lower Inverte- 
brates, but in that case it would be much easier to say that man 
has arisen independently, and has evolved, ’without relation to any 
animals, from the lowest primitive form to his present isolated and 
dominant position. But this would be to deny all value to classifica- 
tion, which must after all be the ultimate basis of a genealogical tree. 
We can, as Darwin rightly observed, only infer the line of descent 
from the degree of resemblance between single fonns. If we 
regard man as directly derived from primitive forms very tar back, 
we have no way of explaining the many points of agreement between 
him and the monkeys in general, and the anthropoid apes in par- 
ticular. These must remain an inexplicable marvel. 

I have thus, I trust, shown that the first class of special theories 
of descent, which assumes that man has developed, parallel with the 
monkeys, but without relation to them, fi'om very low primitive forms 
cannot be upheld, because it fails to take into account the close 
structural afiinity of man and monkeys. I cannot but regard this hypo- 
thesis as lamentably retrograde, tor it makes impossible any application 
of the facts that have been discovered in the course of the anatomicEii 
and embryological study of man and monkeys, and indeed prejudges 
investigations of that class as pointless. n:ie whole method is per- 
verted ; an unjustifiable theory of descent is first formulated with the 
aid of the imagination, and then we are asked to declare that all 
structural relations bctw'een man and monkeys, and between the 
different groups of the latter, are valueless, — the fact being that they 
are the only true basis on which a genealogical tree can be constructed. 
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So much for thiis most modern method of claasificationj which 
has probably foun<l adhereiits because it would deliver us from the 
relationship to apes which many people so much dislike* In coiiti ast to 
it ’we have the second class of special hypotheses of desceiitj which keeps 
strictly to the nearest structural relationships. This is the only basis 
that justifies tlie drawing up of a special hypothesis of descent If 
this fundamental proposition be recognised, it will be admitted that 
the doctrine of si)ecial descent upheld by Haeckel, and set forth in 
Darwin's Descent of Man, is still valid to-day. In the genealogical 
tree, man's phuic is quite close to tlie authi'opoid apes ; these again 
have as their nearest relatives the lower Old World monkeys, and 
their progenitoi's must be sought among the less differentiated 
Platyrrhine monkeys, whose most important characters have been 
handed on to the present day New World monkeya How the 
ditferent gencni are to be armngetl within the general scheme in« 
dicate<l depends in the main on the chissiflcatory value attributed 
to individual chai'actera This is particuJarly true in regard to 
Pithecanthropus, which I consider as the root of a branch which 
has sprung from the anthropoid ape root and has led up to man ; 
the latter I have designated the family of tlie Hominidae. 

For the rest, there are, as we have said, various possible ways of 
constructing the narrower genealogy within the limits of this branch 
including men and apes, and these methods w ill probably continue 
to change with the accumulation of new facts. Haeckel himself has 
modified his genealogical tree of the Primates in certain details since 
the publication of his Gemrelk Morpliologie in 1866, but its general 
basis retnaina the sainc^. All the special genealogical trees drawn 
up on the lines laid down by Haeckel and Darwin~and that of 
Dubois may bo specially mentioned — are based, in general, on the 
close relationship of monkeys and men, although they may vary in 
detail Various hypotheses have been formulated on these lines, 
with special reference to the evolution of man. Pithecanikropm 
is regarded by some authorities as the direct ancestor of man, by 
others as a side-track failure in the attempt at the evolution of man. 
The problem of the moiiophyletic or polypliyletic origin of the human 
race has also been much discussed Sergi^ inclines towards the 
assumption of a polyphyletic origin of the three main races of man, 
the African primitive form of which has given rise also to the gorilla 
and cbimi>anzee, the Asiatic to the Orang, the Gibbon, and Pidteemh- 
thropus. Kollmann regards existing human races as derived from 
small primitive races (pigmies), and considers that Honw primi- 
gemus must have arisen in a secondary and degenerative manner, 

^ Haeck«rs latent (genealogical tree is to be fonud in his most recant work. Umere 
Ahnenreihii. Jena. 1908, 

* Bcrgi, G. Europa, 1908. 
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But thm h not the place, nor have t the sjxice to criticise the 
various si>ecial theories of clesceiit. One, however, must receive par- 
ticular notice* According to Aiiieghiiio, the South American monkeys 
(2^ ithecidites) from the oldest Tertiary of tlie Pampas are the forms from 
which have arisen the existing American monkeys on the one hand, 
and on the other, the extinct South /Vnicrican ilomuncuHdae, which 
are also small forms. From these last, anthropoid at>e3 and man 
liave, he l>clicves, lieen evolved Aiiiong the progenitors of man, 
Ameghiiio reckons the form discovered by him {TetraproifiOfm)t 
from which a South American primitive man, Homo pampaem, might 
be directly evolved, while on the other liand all the lower Old World 
monkeys may have arisen from older fossil South American forms 
(ClcTiialitidae), the distribution of which may l>e explained by the 
bridge fonnerly existing between South America and Africa, as may 
be the derivation of all existing human races from Ho^m pampaemK 
The fossil forms discovei’cd by Ameghino deserve the most minute 
investigation, as does also the fossil man from South America of 
which Lehmann-Nitsche® has made a thorough study* 

It is obvious that, notwithstanding the necessity for fitting man's 
line of descent into the gciicjilogical tree of the Primates, especially 
the ai)es, opinions in regard to it differ greatly in detail* This could 
not be otherwise, since the diflereiit Primate forms, csi)cciany the 
fossil forms, are still far from being exhaustively known* But one 
thing remains certain, — the idea of the close relationship between 
man and monkeys set forth in Darwin's Descent of Man. Only 
those who deny the many points of agreement, the sole Imsis of 
elassihcatioii, and thus of a natural genealogical tree, can look upon 
the position of Darwin and Haeckel as antiquated, or as standing 
on an insiiflicieiit foutidatioii* For such a genealogical tree is nothing 
more than a summarised represenfation of what is known in regard 
to the degree of resemblance between the different forms. 

DarwitPs work in regard to the descent of man has not been 
siirj>assed; the more we immerse oui'sclves in tlic study of the 
structural reIationshi[>s between npes and man, the more is our path 
iilumiucMi by the clear light mdiating from him, and through his 
calm and deliberate investigation, based on a mass of material in 
the accumulation of which he has never had an c<|ual* Darwin's 
fame will be bound up for all time with the unprejudiced investiga- 
tion of the question of all questions, the descent of the human race* 

» AiuoKhico'fi latvat paper, “Nolas prdimiuarea aobre el Tetrapromrno arifeniinu 4 ,^^ 
etc* An<ihs d€l Mmeo naewnat pp* 107—212, 1907. 

^ **NouToUoji teohorelie« surla formation pauip^enixe et rhommo fowjile de k B^pmblique 
Argentine." RivuUi d^l de la Plata, X* 3 «v* pp, 19!J — IQS. 
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CHARLES DARWIN AS AN ANTHROPOLOGIST 

By Ernst Haeckel. 

Professor of Zoology in the University of Jena. 

The great ayfivance that anthro|)ology has made in the second half of 
the mnetceiith ceTitiiiy is due, in the first place, to Darwin's discovery 
of the origin of man. No other problem in the whole field of 
research is so momentmis as that of “ Man's place in nature/' wliich 
was justly described by Huxley (1863) as the moat fundamental of 
all questions* Yet tlie scientific solution of this problem was im- 
possible until the theory of descent had been established. 

It is now a hundred years since the gtmt French biologist 
Jean Lamarck published his PMlosoplm Zooloffiqm. By a re- 
markable coincidence the year in which that work was issued, 1809, 
was the year of the biidh of his most distinguished successor, Charles 
Darwin. Lamarck had already recognised that the descent of man 
from a scries of other Veitcbrat^ — that is, from a series of Ape like 
Primates — was essentiaOy mvolvcd in the general theory of trans- 
formation which he bad erected on a broad inductive basis ; and ho 
had sufficient i>enetration to detect the agencies that had l>een at 
work In the evolutiou of the erect bimaiious mau fi'om the arboreal 
and quadrumanous ajic. He had, however, few empirical arguments 
to advance in support of his hypothesis, and it could not be astablislied 
until the further develoiuuent of the biological sciences— the found- 
ing of comj)arative embryology by Baer (182B) and of the cclLtheory 
by Schleiden and Schwann (1BJ18), the advance of physiology under 
Johannes MliUer (1833), and the enormous progress of jmlaeontology 
and comparative anatomy between 1820 and 1860 — provided this 
necessary foundation* Darwdn was the first to coordinate the ample 
results of these lines of research. With no loss comprehensiveness 
than discrimination he consolidated them as a basis of a modified 
theory of descent, and associated with them his own theory of natural 
selection, which we take to be distinctive of Darwitiistn '' in the 
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stricter Bctise. The ilhiminating truth of these cumulative arguments 
was 80 great in every branch of biolog}^ that^ in spite of the most 
vehement opposition, the battle was won within a single decade, and 
Darwin secured the general a<lmiration and recognition that had 
been denied to his forerunner, Ijamarck, up to the hour of his death 
{imd). 

Before, however, we consider the momentous influence tliat 
Darwinism has had in anthropology, we shall find it useful to glance 
at its history in tlie course of the last half century, and notice the 
various tlieories that have contributed to its advance* The first 
attempt to give extensive expression to the reform of biology by 
Darwin's work will be found in my Generelh Morphologie ( 1866 )^ 
which was followed by a more popular treatment of the subject in 
my Natilrlicite ScMpfungsgescMchfs ( 1868 )^ a compilation from the 
earlier work* In the first volume of the Gemrelle Mmphologie 
I endeavoured to show the great importance of evolution in settling 
the fundamental questions of biological philosophy, cs|>ecially in 
regard to comparative anatomy. In the second volume I dealt 
broadly w ith the principle of evolution, distinguishing ontogeny and 
phylogeny as its two coordinate main brandies, and associating the 
two in the Biogenetic fjaw* Tlie Tiaw may be formulated thus : 
“Ontogeny (embryology or the development of the individual) is 
a concise and compressefi recapitulation of phylogeny (the palae- 
ontological or genealogical series) conditioned by law^s of heredity 
and adaptation,” Tlie “Systematic introduction to general evo- 
lution,” with which the second volume of the Generelle Mo^pho- 
logie opens, was the first attempt to draw up a natural system of 
organisms (iu harmony with the principles of Lamarck and Darwin) 
in the form of a hypothetical pedigree, and w^as provisionally set 
fortl) in eight genealogical tables, 

111 the nineteenth chapter of the Generelle Morphologie—B> [>art 
of which has been republished, without any alteration, after a lapse 
of forty years — I made a cri tical study of Lamarck’s theory of descent 
and of Darwin's theory of selection, and endeavoured to bring the 
complex plienoineiia of heredity and adaptation under definite laws 
for the first time. Heredity I divided into conser\^ative and pro- 
gressive : adaptation into indirect (or potential) and direct (or actual). 
I then found it possible to give some explanation of the correlation of 
the two physiological functions in the struggle for life (selection), and 
to indicate the iiniiortant laws of divergence (or differentiation) 
and complexity (or division of labour), w^hich are the direct and 
inevitable outcome of selection. Finally, I marked OS' dysteleology 

* OentrdU MorphohgU der Orgam 97 ntnf 2 vola., B^lin, 1866, 

* Eng, tranfil. ; The Hidory cf Creation^ London , 1876. 
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aa the science of the aimless (vestigial, abortive, atrophied, and 
useless) organs and parts of the body. In all this I worked from 
a strictly monistic standpoint, and sought to explain all biological 
phenomena on the mechanical and naturalistic lines that had long 
been recognised in the study of inorganic nature. Then (1866), as 
now, being convinced of the unity of nature, the fundamental identity 
of the agencies at work in the inorganic and the organic worlds, 
I discarded vitalism, teleology, and all hyimtheses of a mystic 
cliaracter. 

It was clear from the first that it was essential, in the monistic 
conception of evolution, to distiiigtiish between the laws of con- 
servative and progressive heredity. Conservative heredity mainMns 
from generation to generation the enduring characters of the species. 
Each organism transmits to its descendants a j>art of the morpho- 
logical and physiological qualities that it has received from its 
parents and ancestoi's. On the other hand, progressive heredity 
brings new characters to the species — characters that were not found 
in preceding geoerationa Each organism may transmit to its off- 
spring a part of the morphological and physiological features that 
it has itself acquired, by adaptation, in the coui’sc of its individual 
career, thi^ough the use or disuse of particular organs, the influence 
of environment, climate, nutrition, etc. At that time 1 gave the 
name of ‘‘progressive heredity^' to this inheritance of acquired 
characters, as a short and convenient expression, but have since 
changed the term to “transformative heredity ” (as distinguished from 
conservative). This term is preferable, as inherited regressive modi- 
fications (degeneration, retrograde metamorphosis, etc.) come under 
the same head. 

Transformative heredity — or the transmission of acquired charac- 
ters — is one of the most important principles in evolutionary scieiica 
Unless we admit it most of the fficts of comparative anatomy and 
physiology are inexplicable. That wm the conviction of Darwin no 
leas than of Lamarck, of S]>cnccr as well as Virchow, of Huxley as well 
as Gegenbaur, indeed of the great majority of speculative biologists. 
This fundamental principle was for the first time called in (jucstion 
and assailed in 1885 by Aiigiist Weismann of Freiburg, the eminent 
zoologist to whom the theory of evolution owes a great deal of 
valuable support, and who has attained distinction by his extension 
of the theory of selection. In explanation of the phenomena of 
heredity he introduced a new theory, the “theory of the continuity 
of the germ-plasm."' According to him the living substance in all 
organisms consists of two quite distinct kinds of plasm, somatic and 
genninal. The permanent germ-plasm, or the active substance of 
the two germ-cells (egg-cell and sperm-cell), passes unchanged 
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through a series of generations, and is not alFected by eiiriron- 
mental iidliicnces. The en^dronment modifies only the soma-plasm, 
the organs and tissues of the body. The modifications that these 
parts utidergo through the influence of the environment or their own 
activity (use and habit), do not affect the germ-plasm, and cannot 
therefore be transmitted. 

This theory of the continuity of the geim-plasm has been ex- 
pounded by Weismann during the last twenty-four yeais in a number 
of able volumes, and is regarded by many biolo^sts, such as 
Mr Francis Galton, Sir E. Ray Laukester, and Professor ,1. Arthur 
Thomson (who has recently made a thoroughgoing defence of 
it in his important work Heredity)^, as the most striking advance in 
evolutionary science. On the other hand, the theory has been rejected 
by Herbert Spencer, Sir W. Turner, Gegenbaur, Kblliker, Ilertwig, 
and many others. For my part I have, with all respect for the 
distinguished Darwinian, coiitested the theory from the first, because 
its whole foundation seems to me erroneous, and its deductions do 
not seem to be in accord witli the main facts of comparative mor- 
phology and physiology. Weismann’s thcoiy in its entirety is a 
finely conceived molecular hypothesis, but it is devoid of empirical 
basis. The notion of the absolute and permanent independence of 
the germ-plasm, as distinguished from the soma-plasm, is purely 
speculative ; as is also the theory of genuinal selection. The 
determinants, ids, and idants, arc purely hypothetical elements. 
The cxiHiriments that have been devised to demonstrate their 
existence really prove nothing. 

It seems to me quite improper to descril)e this hy]>othetical 
structure as “ Neodarwinism.” Darwin was just as convinced as 
Lamarck of the transmission of acquired characters and its great 
impoi’tance in the scheme of evolution. I had the good fortune to 
visit Darwin at Down three times and discuss with him the main 
principles of his system, and on each occasion we were fully agreed 
as to the incalculable importance of what I call transformative 
inheritance. It is only proper to point out that Weisinann’s theory 
of the gcnn-plasm is in express contradiction to the fundamental 
principles of Darvvin and Lamarck. Nor is it more acceptable in 
what one may call its “ ultradarwinism ” — the idea that the theory 
of selection explains everything in the evolution of the ^ organic 
world. Ihis belief in the “ omnipotence of natural selection " was 
not shared by Darwin himself. Assuredly, I regard it as of the 
utmost value, as the process of natural selection through the struggle 
for life affords an explanation of the mechanical origin of the 
adapted organisation. It solves the great problem : how could the 

^ London, 1908. 
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finely adapted structure of the animal or plant body bo formed 
unless it was built on a preconceived plan ? It thus enables us to 
dispense with the teleology of the metaphysician and the dualistj 
and to set aside the old mythological and poetic legends of creation* 
The idea had occurred in vague foim to the gi'eat Empedocles 
2000 years before the time of Darwin^ but it was reserved for modern 
research to give it ample expression* Nevertheless, natural selection 
does not of itself give the solution of all our evolutionary problems. 
It has to be taken in conjunction with the transformism of Lamarck, 
with which it is in complete harmony. 

The monumental gi'eatness of Charles Darwin, who surpasses 
every other student of science in the nineteenth century by the 
loftiness of his monistic conception of nature and the progressive 
influcuce of his ideas, is perhaps best seen in tlie fact that not one of 
his many successors has succeeded in modifying his theory of descent 
in any essential point or in discovering an entirely new standpoint 
in the interpretation of the organic world* Neither Nageli nor 
Weismann, neither De Vries nor Roux, has done this* Ntigcli, in his 
Mechanisch^Phydologische TJieorie der Ahsfmummfigsleh/re^^ which 
is to a great extent in agreement with Weismann, constructed 
a theory of the idioplasm, that represents it (like the germ-plasm) as 
developing continuously in a definite direction from internal causes* 
But his internal “principle of progress"" is at the bottom just as 
teleological as the vital force of the Vitalists, and the micellar 
structure of the idioplasm is just as hypothetical as the “ dominant ” 
stmeture of the germ-plasm* In 1889 Moritz Wagner sought to 
explain the origin of species by migration and isolation, and on that 
basis constructed a special “migration-theory/" This, however, is 
not out of harmony vrith the theory of selection. It merely elevates 
one single factor in the theory to a predominant position* Isolation 
is only a special case of selection, as I had pointed out in the fifteenth 
chapter of my NafAi/ml hiM^ry of ei^eation. The “ mutation-theory ” 
of Do Vries that would explain the oiigin of species by sudden and 
saltatory variations rather than by gradual modification, is regarded 
by ma!iy botanists as a great step in advance, but it is genei^lly 
rejected by zoologists. afibrds no explanation of the facts of 
adaptation, and has no causal value. 

Much more important than these theories is that of Wilhelm 
Roux^ of “the struggle of parts within the organism, a supple- 
mentation of the theoiy of meclianical adaptation*" He explains 
the functional aiitofonnation of the purposive stmeture by a 
combination of Darwin’s principle of selection with Lamarck’s idea 

1 Miinieli, 1884. ® Bie Mutatwnstheori6j Leipzig, l^^OS* 

* Der Kampf der Theile im Organismm^ Leipzig, 1881* 
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of transformative heredityj and applies the two in copjtiiictioii to the 
facts of histology. He lays stress on the significance of fmictioaal 
adaptation, which I had described in under the head of cumu- 
lative adaptation, as the most important factor in evolution. Pointing 
out its influence in the cell-life of the tissues, he puts “cellular 
selection” above “personal selection” and shows how the finest 
conceivable adaptations in the structure of the tissue may be brought 
about quite mechanically, without preconceived plan. This “me- 
chanical teleolog>‘” is a valuable extension of Darwin's monistic 
principle of selection to the whole field of cellular physiology and 
histology, and ig wholly destructive of dualistic vitalism. 

The most important advance that evolution has made since 
Darwin and the most valuable amplification of lus theory of selec- 
tion is, in my opinion, the work of Richard Semon: T)h Mneme 
als erludUmim Prmzip im WecJisd des orgmiwchm Gmchehem\ 
He offers a i>sychological explanation of the facts of heredity by 
reducing them to a process of (unconscious) memory. The physio- 
logist Ewald Ileriiig had shown in 1870 that memory must be 
regarded as a general function of organic matter, and tliat wc are 
quite unable to explain the chief vital phenomena, especially those 
of reproduction and inlientancc, unless >ve admit this unconscious 
memory. In my essay Die Perigmeds der PlaRtidule^ I elabo- 
rated this far-reaching idea, and applied the physical iirinciple of 
tmnsmitted motion to the plastidules, or active molecules of plasm, 
I concluded that “heredity is the memory of the plastidules, and 
variability their power of comprehensioih” This “provisional attempt 
to give a meeliauical explanation of the elementary processes of 
evolution” I afterwards extended by showing that sensitiveness is 
(as Carl Niigeli, Ernst Mach, and Albrecht Ran express it) a general 
quality of matter. This form of jjanpsychisin finds its simplest 
expression in the “trinity of substance,” 

To the two ftmdaniental attributes that Spinoza ascribed to 
siitetancc—Extension (matter as occupying space) and Cogitation 
(energy, force) — we now add the third fundamental quality of 
Psychoma (sei^sitiveness, soul), I further olabomted this trinitarian 
conception of siil>stance in the nineteenth chapter of my Die 
Lebenmninder (1904)®, and it seems to me w^ell calculated to afford a 
monistic solution of many of the antitheses of philosophy. 

Tins important Mneme-theory of Semon and the luminous 
physiological experiments and observations associated with it not 
only throw considerable light on transformative inheritance, but 
provide a sound physiological foundation for the biogenetic law, 

^ Leipssig, 1904. = Berlia, 1876, 

* Wanders of Life, London^ 1904, 
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I had endeavoured to show in 1874, in the first chapter of my 
Antkropogenie\ that this fundamental law of organic evolution 
holds good generally, and that there is everywhere a direct causal 
counection between ontogeny and phylogeny. “Phylogenesis is 
the mechanical cause of ontogenesis”; in other words, “The 
evolution of the stem or race is — in accordance with the laws of 
heredity and adaptation — the real cause of all the changes that 
appear, in a condensed form, in the development of the individual 
organism from the ovum, in either the embryo or the larva." 

It is now fifty years since Charles Darwin i>oiiitcd out, in the 
thirteenth chapter of his epoch-making Origm of ^peeies, tlie 
fundamental imjwrtance of embryology in connection with his theory 
of descent : 

“ The leading facts in embryology, which are second to none in 
imxK>rtance, are explained on the principle of variations in the many 
descendants fi*om some one ancient progenitor, fiaving appeared at 
a not very early period of life, and having been inherited at a 
corresponding peiiodl” 

He then shows that the striking resemblance of the embryos and 
larvae of closely related animals, which in the mature stage belong to 
widely difierent species and genera, can only lx; explained by their 
descent fi*om a common progeniton Fritis Mlillei^ made a closer 
study of these impoi tant phenomena in the instructive instance of 
the Crustacean larva, as given in his able work Piir Dartvin^ (IB64), 
I then, in 1B72, extended the range so as to include all animals (with 
the exception of the unicellular Protozoa) and sliowed, by means of 
the theory of the Gastraca, that all niulticelliilar, tissue-forming 
animals — all the Metazoa — develop in essentially the same way from 
the primary germ-layei's, I conceived the embryonic form, in which 
the whole structure consists of only two layers of cells, and is 
known as the gastriila, to be the ontogenetic recapitulation, main- 
tained by tenacious heredity, of a primitive common progenitor of 
all the Metazoa, the Gastraea. At a later date (1895) Monticelli 
discovered that this conjectural ancestral form is still preserved in 
certain primitive Coelcnterata— Pemmatodiscus, Kunstleria, and the 
nearly-related Orthonectida. 

The general application of the biogeiictic law to all classy 
of animals and plants has been proved in my Systsimitisehs 
Phylogenie\ It has, however, been fre(iuently challenged, both by 
botanists and zoolo^sts, chiefly owing to the fact that many have 
failed to distingnish its two essential elements, palitigencsis and 

' Eng. transl.; Th^ Evolution of Man^ 2 vols., Lotidon, 1879 1905. 

® Origin of Speoiea (Otii edit.), p. 396. 

3 Eng. tiansl. ; Facts a?id ATgwnents for Burwin^ London, 1869, 

* S vola,, Borlin, 1894 — 9G. 
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cenogenesis. As early as 1B74 I had emphasised, in the first chapter 
of my Evolution o/Ma% the importance of discriminating carefully 
between these two sets of phenomena : 

“ In the evolutionary appreciation of the fiicts of embryology we 
must take particular care to distinguish sharply a!id clearly between 
the primary, palingenetic evolutionary processes and the secondary, 
cenogenetic processes. The palingenetic phenomena, or embryonic 
recapittdations^ are due to hei^edity, to the transmission of characters 
from one genemtion to another. They enable us to draw direct 
inferences in regard to con'csponding structures in the development 
of the species (e.g. the chorda or the bmnchial arches in all vertebrate 
embryos). The cenogenetic i>henomena, on the other hand, or the 
embryonic varmtiomj cannot be traced to inheritance from a mature 
ancestor, but are due to the adaption of the embryo or the larva to 
certain conditions of its iiidiyidual development (e.g. the amnion, the 
allantois, and the vitelline arteries in the embryos of the higher 
vertebrates). These cenogenetic phenomena are later additions; we 
must not infer from them that there were corresponding processes in 
the a!icestral history, and hence they are apt to mislead.” 

The fundamental impoi'tance of these facts of comparative anatomy, 
atavism, and the rudimentary organs, was pointed out by Darwin in 
the first part of his classic work, The Descent of Mait and Selection 
in Relation to Sex (1871)^ In the ^^Geneml summary aucl con- 
clusion ” (chap. XXL) he was able to say, with perfect justice : He 

who is not content to look, like a savage, at the phenomena of nature 
as discomiected, cannot any longer believe that man is the work of a 
separate act of creation. He will be forced to admit that the close 
resemblance of the embryo of man to that, for instance, of a dog — 
the construction of his skull, limbs, and whole fraiiio on the same 
plan with that of other mammals, independently of the uses to which 
the paints may be put — the occasional reappearance of various struc- 
tures, for instance of several muscles, whicli man does not normally 
possess, but which are common to the Quadnimana^ — and a crowd of 
analogous facts — all jwiiit in the plainest manner to the conclusion 
that man is the co-descendant with other mammals of a common 
progenitor.” 

^These few lines of Darwin’s have a greater scientific value than 
hundreds of those so-called “anthropological treatises,” whicli give 
detailed descriptions of single organs, or mathematical tables with 
series of numbers and what are claimed to be “exact analyses,” but 
are devoid of synoptic conclusions and a philosophiciil spirit. 

Charles Darwin is not generally recognised as a great anthro- 
pologist, nor does the school of modem anthropologists regard him 

^ Descent of Man (Popular Edit.), p. 01^7. 
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as a leading authority. In Germany, esiiecially, the great majority 
of the membei-s of the anthropological societies took up an attitude 
of hostility to him fi’om the very beginning of the controvei'Sy in 
1860. The Descent of was not merely rejected, but even the 
discussion of it was forbidden on the ground that it was “unscientific.” 

The centre of this inveterate hostility for thirty years — especially 
after 1877 — was Rudolph Virchow of Berlin, the leading investigator 
in pathological anatomy, who did so much for the reform of medicine 
by his establishment of cellular i>atholog)' in 18.'>8. As a prominent 
representative of “ exact ” or “ descriptive ” anthropologj’, and lacking 
a broad equipment in comparative anatomy and ontogeny, he was 
unable to accept the theory of descent In earlier years, and 
especially during his splendid i>eriod of activity at Wurzburg (1848 — 
1856), he had been a consistent free-thinker, and ha<l in a number of 
able articles (collected in his Gesammeite AhhmuUmufeny upheld 
the unity of human nature, the inseparability of l)ody and s])irit 
in later years at Berlin, where he was more occupied with political 
work and sociology (especially after 1866), he abandoned tlie positive 
monistic position for one of agnosticism and scepticism, and made 
concessions to the dualistic dogma of a spiritual world apart from 
the material frame. 

In the courae of a Scientific Congress at Munich in 1877 the 
conflict of these antithetic views of nature came into sharp relief. 
At this memorable Congress I had undertaken to deliver the first 
address (September 18th) on the subject of “ Modem evolution in 
relation to the whole of science.” I maintained that Darwin’s theory 
not only solved the great problem of the origin of species, but that 
its implications, especially in regard to the nature of man, threw 
consideiuble light on the whole of science, and on anthropology' ill 
particular. Tlie discovery of the real origin of man by evolution 
from a long series of mammal ancestors threw light on his place in 
nature in every aspect., as Huxley had already showii in his excellent 
lectures of 1863. Just as all the organs aud tissues of the human 
body had originated from those of the nearest related mammals, 
certain aj>e-likc fomis, so we were bound to conclude that his mental 
qualities also had been derived from those of his extinct primate 
ancestor. 

This monistic view of the origin and nature of man, which is now 
admitted by nearly all who have the requisite acquaintance with 
biology, and approach the subject without prejudice, encountered a 
sharp opposition at that time. The opposition found its strongest 
expression in an address that Virchow delivered at Munich four 
days afterwards (September 22nd), on “The freedom of science in 
^ Ahhandlm0tn zur v^ismmkafiUchcii Berlin, 1856, 

10 
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tlie m(xlern State/' He spoke of the theory of evolution as an 
unproved hyjjotliesis, and declared that it ought not to be taught 
in the schools, because it was dangerous to the State* “We must 
not,” he said, “ teach that man has descended from the ape or any 
other aiiimaL” \lrTieii Darwin, usually so lenient in his judgment, 
reail the English translation of Virchow's speech, he expressed 
his disapproval in strong terms* But the great authority that 
Virchow had — an authority well founded in imthology and 
sociology — and his prestige as President of the Gemiaii Anthro- 
pological Society, had the effect of preveutiiig any member of 
the Society from raising serious opposition to him for thirty 
years* Numbers of journals and treatises re]>eated his dogmatic 
statement: “It is quite certain that man has descended neither 
from the ape nor from any other animal” In this he pei'sisted till 
his death in 19U2, Since that time the whole |K)sitioii of Gemiaii 
anthropology^ has changed. The question is no longer whether man 
was created by a distinct supernatural act or evolved from other 
mammals, but to which line of the animal Iiiemrchy we must look 
for the actual series of anccstora The interested reader will 
find an account of this “battle of Munich” (1877) in my three 
Berlin lectures (April, 1905), Der Kamp/ um die JSntimcl'elmigH- 
GedmikenK 

The main points in our genealogical tree were clearly recognised 
by Darwin in the sixth chapter of the Desee7tt of Mmi. Lowly 
organised fishes, like the lancelet (Amphioxiis), are descended from 
lower invertebrates resembling the larvae of an existing Tunicate 
(Appendicularia). From these primitive fishes were evolved higher 
fishes of the ganoid type and others of the type of Lepidoslren 
(Dipneusta). It is a very small step from these to the Amphibia : 

“In tlio class of mammals the steps are not difficult to conceive 
which led from the ancient Monotremata to the ancient Marsupials ; 
and from these to the early progenitors of the placental mammals. 
We may thus ascend to the Lemuridae ; and the interval is not very 
wide from these to the Bimiadae. The Siniiadae then branched off 
into two gi'cat stems, the New World and Old World monkeys ; and 
from the latter, at a remote period, Man, the wonder and glory of the 
Universe, proceeded^.” 

In these few lines Darwin clearly indicated the way in which we 
were to conceive our ancestral series within the vertebrates. It is 
fully confinned by all the arguments of compamtive anatomy and 
embryology, of palaeontology^ and physiology- and all the research of 
the subsequent forty years has gone to establish it The deep interest 

* transl. ; Ln$t Word$ on Evolution, London^ 1906, 

* JOetcent of (Popular Edit.), p. 265. 
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in geology which Darwin maintained throughout his Ufc and hm 
complete knowledgfrof palaeontology enabled him to grasp the funda- 
mental impoi*tance of the palaeoo^logical recoil more clearly than 
antliropologists and zoologists usually do. 

There has been much debate in subsequent decades whether 
Darwin himself maintained that man was descended from the ai>e, 
and many writem have sought to deny it But tlie lines I have 
quoted verbaiirti fi’om the conclusion of the sixth chapter of the 
Descent of Man (1871) leave no doubt tliat he was as finnly con- 
vinced of it as was his gi'cat prcciii^or Jean Lamarck in 1B09. 
Moreoverj Darwin adds, with particular explicitness, in the “general 
summary and conclusion'^ (chap, xxi.) of that standard work^; 

“ By considering the enibryolugical structure of man — the homo- 
logies w^iich he presents with the low'er animals, — the rudiments 
which he retains, — and the reversions to which he is liable, we can 
X>artly recall in imagination the former condition of our early i>rO' 
genitors ; and can approximately place them in their j>roper place in 
the zoological series. We thus learn that man is descended from a 
hairy, tailed quadruped, probably arboreal in its habits, and an 
iuliabitant of the Old World. This creature, if its whole structure 
had been examined by a naturalist, would have been classed amongst 
the Quadrumana, as surely as the still more ancient progenitor of the 
Old and Kew’ World monkeys*'' 

These clear and definite lines leave no doubt that Darwin — so 
critical and cautious in regard to iiiqjortaiit conclusions — was quite 
as firmly convinced of the descent of man from the apes (the Catar- 
rhinae, in particular) as Lamarck was in 1809 and Huxley in 1863. 

It is to be noted particularly that, in these and other observations 
on the subject, Darwdn decidedly assumes the moiiophyletic origin of 
the mammals, iiichidiog man. It is my own conviction that this is of 
the greatest importance. A number of difficult questions in regard 
to the development of man, in resjKJct of anatomy, physiology^, psy- 
chology^, and embryology, are easily settled if w^e do not merely 
extend our progouotawis to our nearest relatives, tlie anthropoid 
apes and the tailed monkeys from wliich these liave descended, 
but go further back and find an ancestor in the group of the 
Lemiiridae, and still fiirther back to the Marsupials and Monotre- 
mata. The essential identity of all the Mammals in point of ana- 
tomical structure and embryonic development — in spite of their 
astonishing differences in external appearance and habits of life~is 
so palpably significant that modern zoologists are agreed in the 
hypothesis that they have all sprung from a common root, and that 
this root may be sought in the earlier Palaeozoic Amphibia. 



1 Desceni of Maitt p. y30. 
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The fundamental importance of this comparative morphology of 
the Mammals, as a sound basis of scientific anthropology, was re- 
cognised just before the beginning of the nineteenth century, when 
Lamarck fii'st emphasised (1794) the division of the animal kingdom 
into Vei'tcbrates and Invertebrates. Even thirteen years earlier 
(1781), when Goethe made a close study of the mammal skeleton 
in the Anatomical Institute at Jena, he was intensely interested to 
find that the composition of the skuH was the same in man as in the 
other mammals. His discovei^y of the os in man (1784), 

which was contradicted by most of the anatomists of the time, and 
his ingenious “vertebral theory of the skuU," were the splendid fruit 
of his morphological studies. They remind us how Gennany's greatest 
philosopher and poet was for many years ardently absorbed in the 
comparative anatomy of man and the mammals, and how he divined 
that their w^ondeidul identity in structure was no mere superficial 
resemblance, but pointed to a deep intenial connection. In my 
GenereUe Morphologie (1868), in which 1 published the first attempts 
to construct phylogenetic trees, I have given a number of remarkable 
theses of Goethe, which may bo called “phyletic prophecies.” They 
justify us in regai‘ding him as a precursor of Darwin. 

In the ensuing forty years I have made many conscientious efforts 
to penetrate further along that line of anthropological research that 
was opened up by Goethe, Lamarck, and Darwin, I have brought 
together the many valuable results that have constantly been reached 
in comparative anatomy, physiology, ontogeny, and imlaeontology, and 
maintained the effort to reform the classification of animals and 
plants in an evolutionary sense. The first rough drafts of pedigrees 
that were published in the Generdle Morphologie have been improved 
time after time in the ten editions of my Mntilrl/iehe 8Aopfuf}[}jgs- 
gesehiehte (1868— 1902) ^ A sounder basis for my phyletic hypotheses, 
derived from a discriminating combination of the three great records— 
morphology, ontogeny, and palaeontology— was provided in the three 
volumes of my Systei^iatische Phylogenie^ (1894 Protists and Plants, 
1895 Vertebrates, 1896 Invertebrates). In my Anthr(pogenie^ I 
endeavoured to employ all the known facts of comparative ontogeny 
(embryologjO for the purpose of completing my scheme of human 
phylogeny (evolution). I attempted to sketch the historical develop- 
ment of each organ of the body, beginning with the most elemen- 
tary structures in the germ-layers of the Gastraea. At the same time 
I di’ew up a corrected statement of the most important steps in the 
line of our ancestral series. 

1 tran&l.; The History of Creation, London, 1876. ^ Berlin, 1864—96, 

3 Leipzig, 1874, 6th edit. 1905, F4ng. transL; The Evolution of Man, London, 
1905. 
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At tlie fonrtli International Congress of Zoology at Cambridge 
(August 2titb, 1898) 1 delivered an address on “Our present knowledge 
of tlie Descent of Man.” It was translated into English, enriched 
with many valuable notes and additions^ by iny friend and pupil in 
earlier days Dr Hans Gadow' (CanibridgeX and published under tlie 
title : The Last Lmh ; our present knowledge of the Descent of 
Mun^. Tlie deteiTninatioii of the chief animal forms that occur in 
the line of our ancestry is there restricted to thirty types, and these 
are distributed in six main gi'ouiia 

Tlie fii'st lialf of this “ Pi'ogonotaxia liominis,” whicli has no 
supixirt fi’oni fossil evidence, comprises three groups : (i) Protista 
(unicellular organisms, 1 — 3): (ii) Invertebi'ate Metazoa (Coelenteria 
C — 8, Vermalia 9—11): (iii) IVIonorrhine Vertebrates (Acrania 12 — 
13, Cyclostoma 14 — ^15). The second half, which is based on fossil 
records, also comprises three gioups : (iv) Palaeozoic cold-blooded 
Craiiiota (Fishes 16—18, Amphibia 19, Reptiles 20): (v) Mesozoic 
Mauiinals (Mouotrema 21, Marsupialia 22, Mallotlieria 23): (vi) Ce- 
nozoie Primates (Leniiiridae 2 ][ — 23, Tailed Apes 20 — 27, Anthropo- 
mori)ha 28^^ — 30), An improved and enlarged edition of this hypothetic 
^^Progonotaxis hominis” was published in 1908, in my essay Unsefte 
AhnetireikeK 

If I have succeeded in ftirtheriiig, |iii some degree, by these an- 
thropological works, the solution of the great problem of Man's place 
in nature, and particularly in helping to trace the definite stages in 
our ancestml series, I owe tlie success, not merely to the vast progress 
that biology has made in tlie last half century, but largely to the 
luminous example of the great invcstigatoi'S who have applied them- 
selves to the problem, with so imich assiduity and genius, for a 
century and a quarter — I mean Goethe and Lamarck, Gegenbaur and 
Huxley, but, above all, Charles Darwin. It was the great genius of 
Darwin that first brought together the scattered material of biology 
and slmi>cd it into that symmetrical temple of scientific knowledge, 
the theory of descent It was Darwin who put the crowui on tho 
edifice by his theory of natural selection. Not until this broad in- 
ductive law was firmly established was it possible to vindicate the 
special conclusion, the descent of man from a scries of other Verte- 
brates. By his illuminating discovery Darw in did more for antliro- 
polog>' than thousands of tliose writers, who are more specifically 
titleil anthropologists, have done by their technical treatises. Wo 
may, indeed, say that it is not merely as an exact observer and ingenious 
experimenter, but as a distinguished anthropologist and tar-seeing 

* London, ISSS. 

^ FesUcktift der ThUringer XJnivirtitdt Jt-fw. Jonn, 

1908 . 
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thinker, that Darwin takes his place among the gi'eatest men of science 
of the nineteenth century* 

To appreciate fully the immorfcil merit of Darwin in connection 
with anthropology, wo must remember that not only did his eiiief 
work, The Origin of Species^ which opened up a new ei‘a in natural 
history in 1859, sustain the most virulent and widespread opposition 
for a lengthy period, but even thirty years later, when its principles 
were generally recognised and adoptecl, the application of them to 
man was energetically contested by many high scientific authorities. 
Even Alfred Russel Wallace, who discovered the principle of nat!iral 
selection independently in 1858, did not concede that it was applicable 
to the higher mental and mom! qualities of man. Dr Wallace still 
holds a spiritualist and dualist view of the nature of man, contending 
that he is composed of a material fi’ame (descended from the apes) 
and an immortal immaterial soul (iufUsed by a higher power). This 
dual conception, moreover, is still predominant in the wide circles of 
modern theology and metaphysics, and has tlic general and influential 
adherence of the more conservative classes of society. 

In strict contradiction to this mystical dualism, whicli is generally 
connected with teleology and vitalism, Darwin always maintained the 
complete unity of human nature, and showed convincingly that the 
psychological side of man was develoi)ed, in the same way as the body, 
from the less advanced soul of the anthropoid ape, and, at a still more 
remote period, from the cerebral functions of the older vertebrates. 
The eighth chapter of the Origin of SpeeieB^ which is devoted to 
instinct, contains weighty evidence that the instincts of animals are 
subject, like all other vital processes, to the general laws of historic 
development The special instincts of particular species w^ere fonned 
by adaptation, and the modifications thus acquired were handed on 
to posterity by heredity ; in their formation and preservation natural 
selection plays the same part as in the transfonnation of every other 
pliysiological function* The higher moral qualities of civilised man 
have been derived from the lower mental fiinctions of the un- 
cultivate<i barbarians and savages, and these in turn from the social 
instincts of the mammals* This uatiu'al and monistic psyclmlogy of 
Darwin's w^as afterwards more fully developed by his friend George 
Romanes in his excellent works Evokitiou in Animals and 

Mental Evolution in Man\ 

Many valuable and most interesting contributions to this monistic 
psychology of man were made by Darwin in his fine work on The 
Descent of Man a^id Sdeetimi in Relation to Sex^ and again in his sup- 
plementary work. The Expression of the Emotions in Man and Animals. 
To understiind the historical development of Darwin's anthropology one 

' London, 1S85; 1888. 
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must read his life and the introduction to The Descent of Man. From 
the nioineiit that he was convinced of the truth of the principle of 
descent — ^that is to say, from his thirtieth year^ in 1838 — ^he recognised 
clearly that man could not be excluded fi*oin its range* He recognised 
as a logical necessity the important conclusion that *^man is the co- 
descendant with other species of some ancient, lower, and extinct 
form/' For many years he gathered notes and arguments in support 
of this thesisj and for the purpose of sliomng the probable line of 
man's ancestry. But in the first edition of The Origin of Species 
(1859) he restricted himself to the single line, that by this work 
light would be thrown on the origin of man and his history.” In 
the fifty years that have elapsed since that time the science of the 
origin and nature of man has made astonishing progress, and we are 
now fairly agreed in a monistic conception of nature that regards the 
whole universe, including man, as a wonderful unity, governed by 
unalterable and eternal laws* In my philosophical book Die 
Weltratsel (1899)^ and in the supplementary volume Die Debem- 
wunder (1904)®, I have endeavoured to show that this pure 
monism is securely established, and that the admission of the aU- 
powerfiil rule of the same principle of evolution throughout the 
universe compels us to formulate a single supreme law— the all-em- 
bracing “ Law of Substance,” or the united laws of the constancy of 
matter and the conservation of energy. We should never have 
reached this supreme general conception if Charles Darwin — a “ mo- 
nistic philosopher” in the true sense of the word — had not prepared 
the way by his theory of descent by natural selection, and crowned 
the great work of his life by the association of this theory with a 
naturalistic anthropology. 

^ The Middle of the Universef Londonj 1900. 

“ The Wonders of Lifet London, 1004. 
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SOME PEIMITIVE THEORIES OP THE ORIGIN 

OP MAN 

By J, G. Frazeil 

Fellow of Trinity College^ C<Mtthridge, 

On a bright day in late autuoin a good many years ago I had 
ascended the hill of Panopeus in Phocis to examine the ancient Greek 
fortifications which crest its brow* It was the first of Novemberj but 
the weather was very hot ; and when my work among the ruins was 
doiiCj I was glad to rest under the shade of a clump of fine holly-oaks^ 
to inhale the sweet refi’eshing perfume of the wild thyme which 
scented aU the air, and to enjoy the distant prospects, rich in natural 
beauty, rich too in memories of the legendary and historic past. 
To the south the finely-cut peak of Helicon peered over the low 
intervening hills. In the west loomed the mighty mass of Parnassus, 
its middle slopes darkened by pine-w^oods like shadow^s of clouds 
brooding on the mountain-side ; while at its skills nestled the ivy- 
mantled waits of Daulis overhanging the deep glen, whose romantic 
beauty accords so well with the loves and sorrows of Procue and 
Pliilomela, which Greek tradition associated with the spot North- 
wards, across the broad plain to winch the hill of Panopeus descends, 
steep and bare, the eye rested on the gap in the hills through which 
the Oephissus winds his tortuous way to flow under grey willows, at 
the foot of barren stony hills, till his turbid waters lose themselves, no 
longer in the vast reedy swumps of the now- vanislied Copaxc Lake, 
but in the darkness of a cavern in the limestone rock. Eastward, 
clinging to the slopes of the bleak range of which the hill of Panopeus 
fonns part, were the ruins of Chaeronea, the birthplace of Plutarcli ; 
and out there in the plain was fought the disastrous battle which laid 
Greece at the feet of Macedonia. There, too, in a later age East and 
West met in deadly conflict, w^lien the Roman armies under Sulla 
defeated the Asiatic hosts of Mitlmdates. Such was the landscape 
spread out before me on one of those farewell autumn days of almost 
pathetic splendour, when the departing summer seems to linger 
fondly, as if loth to resign to winter the enchanted mountains of 
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Greece, Next day the scene had changed : summer was gone. A 
grey November mist hung low on the hills which only yesterday had 
slione resplendent in the sun^ and under its melancholy curtain the 
dead flat of the Chaeronean plain, a wide treeless expanse shut in by 
desolate slopes, wore an aspect of chilly sadness befitting the battle- 
field where a nation's freedom was lost. 

But crowded as the prospect from Paiiopcus is with memories of the 
])ast, the place itself, now so still and deserted, was once the scene of an 
event even more ancient and memorable, if Greek story-tellers can be 
trusted. For here, they say, the sage Prometheus created oni* first 
l>arents by fashioning them, like a potter, out of clay^. Tlie very spot 
where he did so can still be seen. It is a forlorn little glen or rather 
hollow beliind the MU of Panopeus, below the mined but still stately 
w^alls and towers which cro\ra the grey rocks of the summit The glen, 
when I visited it that hot day after the long drought of summer, was 
qiiite dry ; no w^ater trickled down its bushy sifles, but in the bottom 
I found a reddish crumbling earth, a relic perhaps of the clay out of 
which the potter Prometheus moulded the Greek Adam and Eve, In 
a volume dedicated to the honour of one wlio has done more than any 
other in modern times to shape the ideas of mankind as to tlicir 
origin it may not be out of place to recall this criirle Greek notion of 
the creation of the human race, and to compare or contrast it with 
other rudimentary speculations of primitive peoples on the same 
subject, if only for the sake of marking the interval which divides 
the childhood from the maturity of science. 

The simple notion that the fii'St man and woman were modelled 
out of clay by a god or other superhuman being is found in the 
traditions of many peoples. This is the Hebrew belief reconlcd in 
Genesis : “The Lord God formed man of the dust of the ground, and 
breathed into his nostrils the breath of life ; and man became a living 
smiP,” To the Hebrews this derivation of our species suggested itself 
all the more naturally because in their language the word for 
“ground'" (adamaJh) is in form the feminine of the wmrd for man 

^ Paiisaniatj, x* 4. 4, Compare Axjollodorus, Bihli&fheca^ r. 7, 1 ; Ovid^ MeUttrMrpK 

I, S2 fig. ; Juvenal j 8a L irv- 35, According to another version of the tala, iMa ci‘f»ation of 
mankind took place not at Pauopen?, but Iconium in Lycaonia, After the original riMsa 
of mankind h&d been destroyed in the great flood of DeucaHon, the Greek 13oah, Zeus 
comma uded frumetheue and Athena to create men afresh by moulding imagee out of clay, 
breathing the winds into them, and making them live. See Etyimloffkum Mapium^ 6.v. 

pp. 470 fig. It is said that Prometheus fat^hioned the animals as well as men, giving 
to each kind of beast its proper nature. See Pliilcmon, quoted by Stobaeus, FloriUgium^ 
ji. 27. The creation of man by Prometheus ia figured on ancient works of art. See 

J, Toutain, Etudes Mythologie et d^Histoire ttc$ lieUgiotts A7itiqnei ( Paris j 1900), p. 190, 

According to Hesiod D(iySj 60 sqq.) it was Hephaestus who at the bidding 

of Zeus moulded the first woman out of moist earth. 

^ Genesis ii. 7. 
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(ada7n)\ From various allusions in Babylonian litemture it would 
seem that the Babylonians also conceived man to have been moulded 
out of clay® According to BerosuSj the Babylonian priest whose 
account of creation has been preserved in a Greek version, the god 
Bel cut off his own head, and the other gods caught the flowing blood, 
mixed it with earth, and fashioned men out of the bloody paste ; and 
that, they said, is why men are so wise, because their mortal clay is 
tempered with divine blood^. In Bg}"ptian mythology Khnoumou, 
the Father of the gods, is said to have moulded men out of cla}^^. 
We cannot doubt that such crude conceptions of the origin of our 
race were handed dowm to the civilised peoples of antiquity by their 
savage or barbarous forefathers- Certainly stories of the same sort 
are known to be cuiTent among savages and barbarians. 

Thus the Austmlian blacks in the neighbourhood of Melbourne 
said that Pund-jel, the creator, cut three large sheets of bark with his 
big knife. On one of these he placed some clay and worked it up 
with his knife into a proper consistence. He then laid a [Kirtion 
of the clay on one of the otlier pieces of bark and shai>ed it into 
a human form ; first he made the feet, then the legs, then the trunk, 
the arms, and the head. Thus he made a clay man on each of the 
two pieces of bark ; and being well pleased with them he danced 
round them for joy. Next he took stringy bark from the Eucalyptus 
tree, made hair of it, and stuck it on the heads of his clay men. Then 
he looked at them again, was pleased with liis work, and again danced 
round them for joy. He then lay down on them, blew his breath 
hard into their mouths, their noses, and their navels ; and presently 
they stirred, spoke, and rose up as full-grown men^ The Maoris 
of New Zealand say that Tiki made man after his own image. He 
took red clay, kneaded it, like the Babylonian Bel, wdth his owm blood, 
lashioned it in human form, and gave the image breath. As he had 
made man in his ow n likeness he called him Tiki^ahua or Tiki’s like- 
ness® A very generally received tradition in Tahiti was that the 
first human |>air wm made by Taaroa, the chief god. They say that 

* S. B, Driver aiad W, H. Bennett, in their com men t Aries on GencsiB ii, 7, 

^ H, Zimmern. in E, SchiAder'B DU KtiUmchrtften und das AUe TestaiRisnt^ (Berlin, 
1902). p. 506, 

* Eusebius. Chtonicon^ ed. A. Schoene. VoL i. (Berlin, 1875), coL 16. 

* G, Mflspero, Ancitnne des FeupUs de VOrient Clmsique^ i. (Paris, 1895), 

p. 128. 

* K, Brough 3injth> Tht Aborigines of Victarki (Melbourne, 1878), i. 424. This and 

many of the foUowing legends of creation have been already cited by me in a note on 
Pausanias, x. 4. 4 Description of Greece, translated toith a Commentary 

(London, 1898), VoL v. pp. 220#^.]. 

® B, Taylor, Te Ika A or New Zealand and its Inhabitants^ Second Edition 

(Loudon, 1870). p. 117. Compare E. Shortland. Maori Bcligion and Mythology (London, 

1882), pp. 21 
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after he had formed the world he created man out of red earth, which 
was also the food of mankind until bread-fruit was produced. Further, 
some say that one day Taaroa called tor the man by name, and when he 
came he made him fall asleep. As he slept, the creator took out one 
of his bones (im) and made a woman of it, whom he gave to the man 
to be his wife, and the pair became the progcnitoi's of mankind This 
narrative was taken down from the lips of the natives in tlie early 
years of the mission to Tahiti. The missionary who records it oteer ves : 
'^This always appeared to me a mere recital of the Mosaic account of 
creation, which they had heard from some European, and 1 never 
placed any reliance on it, althoiigli they have repeatedly told me it 
was a tradition among them before any foreigner arriveil Some have 
also Btatetl that the womaifs name was Ivi, which would be by them 
pronounced as if written Ivi is an aboriginal word, and not 

only signifies a bone, but also a widow, and a victim slain in war, 
Notwithstanding the assertion of the natives, I am disposed to think 
that Iviy or Eve, is the only aboriginal part of the story, as far as it 
respects the mother of the human race^/' However, the same tradi- 
tion has been recorded in other parts of Polynesia besides Tahiti, 
Thus the natives of Fakaofo or Bowditch Island say that the fii'St 
man was produced out of a stone. After a time he betlioiight him of 
making a woman. So he gathered earth and moulded the figure of a 
woman out of it, and having done so lie took a rib out of his left side 
and thrust it into the earthen figure, wliich thereupon started up a live 
woman. He called her Ivi (Eevee) or “ rib” and took her to wife, and 
the whole human mce sprang from this pair®. The Maoris also are 
reported to believe that the first woman was made out of the first 
man's ribs®. This wide difiusion of the story in Polynesia raises a 
doubt whether it is merely, as Ellis thought, a repetition of the 
Biblical narrative learned from Europeans. In Nui, or Netherland 
Island, it wm the god Aulialia who made earthen models of a man 
and woman, raised them up, and made them live. He called the man 
Tepapa and the woman Tetata^. 

In the Pelew Islands they say that a brotlier and sister made 
men out of clay kneaded with the blood of various animals, and 
that the characters of these first men and of their descendants 
were determined by the characters of the animals whose blood 
hfiwl been kneaded with the primordial clay; for instance, men who 
have rat's blood in them are thieves, men who have serpent's blood 

^ W. ElHs, Folyn^fiian He»earcheB, Second Edition (London, 1832), i- 110 if 
or iwi the regular word for *'hone” in the various Polyiieeian lauguageH. See E. Tiegear, 
The Maori-Pelynesian Comparative Dictionary (Wellington, New Zeakud, 1891), p. 109. 

“ G. Turner, (London, 1884), pp. 267 sq, 

^ J. L. Nicholas, Narrative of a Voyage to New Zealand (London, 1817), i. 69, who 
writes ^*and to add still more to this strange coincidence, the general term for bone is Heveef* 

* 0. Turner, Samoa, pp. 300 
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ill them are sneaks, and men who liave cock's blood in them are 
bi’avc^ According to a Melanesian legend, told in Mota, one of the 
Banks Islands, tlie hero Qat moulded men of clay, the red clay from 
the marshy river-side at Vamia Lava. At fii’st he made men and pigs 
just alike, but Ms brothers remonstrated with him, so he beat down 
the pigs to go on all fours and made men walk upright. Qat fashioned 
the first woman out of supple twigs, and when she smiled he knew she 
was a living woman I A somewhat different version of the Melanesian 
story is told at Lakona, in Santa Maria. There they say that Qat and 
another spirit called ilarawa both made men. Qat made them 
out of the wood of di'acaena-trees. Six days he worked at them, 
carving their limbs and fitting them together. Tlicn he allowed them 
six <lays to come to life. Three days he hid them away, and three 
days more he worked to make them live. Ho set them up and 
danced to tliem and beat his drum, and li ttle by little they stirred, till 
at last they could stand all by themselves. Then Qat divided them 
into pairs and called each pair husband and wife. Marawa also made 
men out of a tree, but it was a different tree, the tavisoviso. He 
likemse worked at them six days, beat his drum, and made them live, 
just as Qat did. But wlieii he saw them move, he dug a pit and buried 
them in it for six days, and then, when he scraped away the earth to 
sec what they were doiiig, he found them all rotten and stinking. 
Tliat was the origin of death®. 

The inhabitants of Noo-hoo-roa, in the Kei Islands say that their 
ancestoi’s were fashioned out of clay by the supreme god, Dooad- 
lera, who breathed life into the clay figures! The aborigines of 
Miimliassa, in the north of Celebes, say that two beings called 
Wailan Wangko and Wangi w^ere alone on an island, on which grew 
a cocoa*nut tree. Said Wailan Wangko to Wangi, ^"Remain on 
earth while I climb up the tree.** Said Wangi to Wailan Wangko, 
''Good.” But then a thought occurred to Wangi and he climbed up 
the tree to ask Wailan Wangko why he, Wangi, should remain down 
there all alone. Said Wailan Wangko to Wangi, “Return and take 
eaith and make tw'o images, a man and a woman.” Wangi did so, and 
both images were men who could move but could not speak. So Wangi 
climbed up the tree to ask Wailan Wangko, “How now? The tw^o 
images are made, but they cannot speak.” Said Wailan Wangko to 
Wangi, “ Take this ginger and go and blow it on the skulk and the 
ears of these two images, that they may bo able to speak; call tlie man 



^ J. Kiihavy, “Die Religion dor Polauer,” in A. Baatian^s AlUrUi mid 

Men&chmkund^ (Berlin, 1888) ^ n 8, 56. 

^ R. H. GoJringtoii, Mdmiedan& (Oxford, 1801), p. 153, 

3 B. H. Codling ton, ojj. ciu, pp. 157 

* C. M. Pleyte, “Etlmographische Beachrijving der Eoi Eilaiidexi,'^ TijdschHf& vari het 
Nederland$ch Anrdnjhktmdig Genootschap^ Tweede Series x. (1893), p. 564. 
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Adam and the woman In thiB narrative the names of the man 

and woman betray European influence^ but the rest of the story may 
be aboriginaL The Dyaks of Sakarran in British Borneo say that 
the first man was made by two large biMs, At first they tried to 
make men out of trees^ but in vaiiL Then they hewed them out 
of rocks, but the figures could not speak. Tiien they moulded a man 
out of damp earth and iitfused into his veins the red gum of the 
kumpang-tree. After that they called to him and he answered ; they 
cut him and blood flowed from his wounds^. 

Tlie Kiimis of South-Eastern India related to Captain Lewin, the 
Deputy Commissioner of Hill TVacks, the following tradition of the 
creation of man. “God made the world and the trees and the creeping 
things first, and after that he set to work to make one man and one 
woman, forming their bodies of clay ; but each night, on the com- 
pletion of his work, there came a great snake, which, wMle God w\as 
sleeping, devoured the two images. This happened twice or thilce, 
and God M^as at his wit's end, for he had to w^ork all day, and could 
not finish the pair in less than twelve hours; besides, if he did not 
sleep, he would be no good,"' said Captain Lewin's informant “If 
he were not obliged to sleep, there would be no death, nor would 
mankind be afflicted with ilbiess. It is wfflen he rests that the snake 
carries us off to this day. Well, he was at hie wits end, so at last he 
got up early one morning and first made a dog and put life into it, 
and that night, when he had finished the images, he set the dog to 
watch them, and wlien the snake came, the dog barked and frightened 
it away. This is the reason at this day that when a man is dying the 
dogs begin to howl ; but I suppose God sleeps heavily now-a-days, or 
the snake is bolder, for men die all the samc^.” lEe Khasis of Assam 
tell a similar tale^. 

The Ewe-speaking tribes of Togo-laiid, in West Africa, think that 
God still makes men out of clay. l^Tien a little of the water with 
which he moistens the clay remains over, he pours it on the ground 
and out of that he makes the bad and disobedient people. When he 
wishes to make a good man he makes him out of good clay ; but 
when he wishes to make a bad man, he employs only bad clay for the 
purpose. In the beginning God fiishiooed a man and set him on the 
earth; after that he tashioned a woman. The two looked at each 

^ N. De Minaha^iid (Rotterdam, 1869), i. pp. 98 

2 Koieliurgb, quoted by IT. Ling Rotli, Th^ Natives of Smawak and of Brituh North 
Borneo (Loudon, 1896), i. pp. 299 Compare The Lord Bishop of Labuan, the Wild 
Tribes of the North- West Coast of Borneo,'^ Transactions of the Ethnological Society of 
London^ New Series, ii. (1863), p. 27. 

^ Capt- T. H. Lewin, JVild Races of South-Eastern India (London, 1670), pp. 224 — 26. 

* A. Bastian, am Brahmaputra und verwandtschaftliche Nachham (Berlin, 

1883), p. 8; Major P. R. T. Gurdon, The Khasis (London, 1907), p. 106, 
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other and Ixjgan to laugh, whereupon God sent them into the worlds 
The Innuit or Esquimaux of Point Barrow, in Alaska, tell of a time 
when there was no man in the land, till a spirit named d sS lUf 
who resided at Point Barrow, made a day man, set him up on 
the shore to dry, breathed into him and gave him life^. Other 
Esquimaux of Alaska relate how the Haven made the first woman 
out of clay to be a companion to the first man; he fastened water- 
grass to the back of the head to be hair, flapped his wings over the 
clay figure, and it arose, a beautiful young womans The Acagehemem 
Indians of California said that a powerful being called Chinigchiiiich 
created man out of day which lie found on the banks of a lake ; male 
and female created he them, and the Indians of the present day are 
their descendants^ A priest of the Jfatchez Indians in Louisiana 
told Du Pratz “that God had kneaded some clay, such as that 
which potters use and had made it into a little man ; and that after 
examining it, and finding it well formed, he blew up his work, and 
fortliwith that little man had life, grew, acted, walked, and found 
himself a man perfectly well shaped,” As to the mode in which 
the first woman was created, the priest had no information, but 
thought she was probably made in the same way as the first 
man; so Du Pratz corrected his imperfect notions by reference to 
Scripture^, The Michoacans of Mexico said that the great god 
Tucapacha first made man and woman out of clay, but that when the 
couple went to bathe in a river they absorbed so much water that 
the clay of which they were composed all fell to pieces, TTien the 
creator went to work again and moulded them afresh out of ashes, 
and after that he essayed a third time and made them of metal 
This last attempt succeeded. The metal man and woman batlied in 
the river >vithout falling to pieces, and by their union they became 
the progenitors of mankind®. 

According to a legend of the Peruvian Indians, which was told to 
a Spanish priest in Cuzco about half a ceotuiy after the conquest, 
it was in Tialiuanaco that man was first created, or at least was 
created afresh after the deluge. “There (in I’iahuanaco)," so runs 

1 J. Spktli, Die Etb^-Stdmme, Material zur Kuitde den E^e-Volkes in Dmtich-ToffO 
(Berlin, 1906), pp, 828, 840. 

^ lieport of the Intematioiml E^^pedition fo Point Barrott? { Washington, 1885), p. 47, 

® E, W. Nelson, **The Eskimo about Bering Strait,” Eighteenth Annual Beport of 
the Bureau of American Ethnology, Part i, (Washington, 1899), p. 454. 

* Friar Geronimo Boseana, *^Chinigchiuich,” appended to [A, llobinson^s] Life tn 
California (New York, 1846), p. 247, 

^ M, Le Page Du PratK, The History ofLouieiuna (London ^ 1774), p. 330, 

® A. de Herrem, General History of the vast Continent and Islands of America, trans- 
lated into English by Capt. J, Stevens (London, 1726, 1726), nr. 254 ; Brasseur de Bour- 
bourg, HUtoire des Nations Civilisies da et de VAmerique-Centrale (Paris, 1857— 

1659), III* 80 sq, ; compare id, i. 64 sq. 
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the legend, “the Creator began to raise up the people and nations 
that are in that region, making one of each nation of clay, and 
painting the dresses that each one was to wear ; those that were to 
wear their hair, with hair, and those that were to be shorn, with hair 
cut And to each nation was given tlie language, tliat was to be 
spoken, and the songs to be sung, and the seeds aiid food that they 
were to sow. When the Creator had finislicd painting and making 
the said nations and figures of clay, he gave life and soul to each 
one, as well men as women, and ordered that they should paas under 
the earth. Thence each nation came up in the places to which he 
ordered them to 

These examples suffice to prove that the theory of the creation of 
man out of dust or clay has been current among savages in many 
parts of the world. But it is by no means the only explanation which 
the savage philosopher has given of the beginnings of human life on 
earth. Struck by the resemblances which may be traced between 
himself and the beasts, he has oilfcen supposed, like Darwin himself, 
that mankind has been deyeloped out of lower forms of animal life. 
For the simple savage has none of that high notion of the ti-anscendant 
dignity of man which makes so many superior jicrsoiis shrink with 
horror from the suggestion that they are distant cousins of the 
brutes. He on the contrary is not too proud to own his humble 
relations; indeed his difficulty often is to ijcrccive the distinction 
between him and them. Questioned by a missionary, a Bushman of 
more than average intelligence “could not state any difierence 
between a man and a brute — he did not know but a buffalo might 
shoot with bows and arrows as vrell as a man, if it had them®. " Wlien 
the Russians fii-st landed on one of the Alaiikan islands, the natives 
took them for cuttle-fish “on account of the buttons on their clothes^/' 
Tlie Giliaks of the Amoor think that the outward form and size of an 
animal are only apparent; in substance every beast is a rejil man, 
just like a Gibak himself, only endowed with an iiitelligciiee and 
strength, which often surpass those of mere ordinary human beings ^ 
The Borororos, an Indian tribe of Brazil, will have it that they are 
parrots of a gorgeous red plumage which live in their native for^ts. 
Accordingly they treat the birds as their fellow-tribesmen, keeping 
them in captivity, refusing to eat their fiesh, and mourning for them 
when they die®. 

1 E. J. Payne, History of the New World called Afiterica^ i. (Oxford, 1892), p. 463. 

^ Bev. John Oampbtill, Travels in South Africa (London, 1822), n, p. 34. 

® 1, Petrolf, Report on the Poputati&nf Indii^trieSf and Resources of Alashat p. 145. 

* L. Sternberg, “ Die Beligion der Giljaken,*^ Archiv filr Rellgionewusemchaft, vin* 
(1905), p. 248. 

® K. von" den Steinon, Unter den Naturvolkern ZentraUBrasUiem (Berlin, 1894), 
pp. 352 0^., 512. 
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Tliis sense of the close relationship of man to the lower creation 
is the essence of totemism, that curious system of superstition which 
miites by a mystic bond a group of human kinsfolk to a species of 
animals or pianta ^Vhere that system exists in liill forcCj the mem- 
bers of a totem clan identify themselves with their totem animals in 
a way and to an extent which we find it hard even to imagine* For 
example, men of the Oaesowary clan in Mabiiiag think that cassowaries 
are men or nearly so. ^^Cassowar}% he all same as relation, he belong 
same family, is the account they give of their relationship with the 
long-legged bird* Conversely they hold that they themselves are 
cassowaries for all pi’actiail purposes. They pride tihemselves on 
having long thin legs like a cassowary* This reflection affords them 
peculiar satisfaction when they go out to fight, or to run away, as 
the case may be ; for at such times a Cassowary man will say to himself, 
^^My leg is long and thin, I can run and not feel tired; my legs will 
go quickly and the gi'ass will not entangle them,” Members of the 
Cassow^ary clati arc reputed to be pugnacious, because the cassowary 
is a bird of very uncertain temper and can kick with extreme 
violence ^ So among the Ojibways men of the Bear clan are 
reputed to be surly and pugnacious like bears, and men of the 
Cmne clan to have clear ringing voices like emoes^. Hence the 
savage will often speak of his totem animal as his father or his 
brother, and ^vill neither kill it himself nor allo^v others to do so, 
if he can help it. For example, if somebody were to kill a bird 
in the presence of a native Australian who had the bird for his 
totem, the black miglit say, What for you kill that fellow^ ? that 
my father \ ” or ‘‘That brother belonging to me you have killed ; why 
did you do it?®” Bechuanas of the Porcupine clan are greatly 
afflicted if anybody hints or kills a porcupine in their presence* 
They say, “They have killed our brother, our master, one of our- 
selves, him whom we sing of”; and so saying they piously gather 
the (piills of their murdered brother, spit on them, and rub their 
eyebrows with tliein. They think they would die if they touched its 
flesh* In like manner Bechuanas of the Crocodile clan call the 
crocodile one of themselves, their master, their brother ; and they 
mark the ears of their cattle with a long slit like a crocodile's mouth 
by w’ay of a family crest Similarly Bechuanas of the Lion clan 
would not, like the members of other clans, partake of lion's flesh ; 
for how, say they, could they eat their grandfiither? If they are 

' A. C. Haddon, “The Ethnography of the Western Tribe of Torres Straits,*' Joumili 
of the Anihr&poioffical ImtituU, xii* (18D0), p. B93 j Reports of the Cambridge Anthropolo^ 
gical E^edition to Torres StraitSj v, (Cambridge, l&Dl), pp. 166, 184. 

^ W. W. ’Warren, History of the Ojibways," Collections of the Minnesota Historical 
Society^ v, {Saint Paul, Minn* l88o), pp* 47, 49* 

® E* Palmer, “Notes on some Australian Tribes” Journal of the Anthropological 
Institute^ iin. {1884), p* 306. 
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forced in self-defence to kill a lion, they do so with great regret and 
rub their eyes carefully with its skin, fearing to lose their sight if 
they neglected this precautioiri. A Maiulingo porter has been known 
to otter tlie wliole of his month’s pay to save the life of a python, be- 
cause the python was his totem and he therefore regarded the reptile 
as his relation ; he thought that if he allowed the creature to be killed, 
the whole of his own family would perish, probably through the venge- 
ance to be taken by the reptile kinsfolk of the murdered serpent®. 

Sometimes, indeed, the savage goes further and identifies the 
revered animal not merely with a kinsman but with himself; he 
imagines that one of his own more or less numerous souls, or at all 
events that a vital part of himself, is in the beast, so that if it is 
killed he must die. Thus, the Balong tribe of the Cameroons, in 
West Africa, think that every man has several souls, of which one is 
lodged in an elephant, a wild boar, a leopard, or what not Wlien 
any one conies home, feels ill, and says, “ 1 shall soon die,” and is as 
good as his word, his friends are of opinion that one of his souls has 
been shot by a hunter in a wild boar or a leopard, for example, and 
that that is the real cause of his death®. A Catholic missionary, 
sleeping in the liut of a chief of the Fan ricgi-oes, awoke in the 
middle of the night to sec a huge black serpent of the most dangerous 
sort in the act of darting at him. He was about to shoot it when the 
chief stopped him, saying, “ In killing that serpent, it is me that you 
would have killed. Fear nothing, the serpent is my elangela*." 
At Calaliar there used to be some years ago a huge old crocodile 
which was well kiioivn to contain the spirit of a chief who resided in 
the flesh at l)nke Town. Sporting Vice-Consuls, with a reckless 
disregard of human life, fi om time to time made determined attempts 
to injure the animal, aud once a peculiarly active oflicer succeeded in 
hitting it The chief was immediately laid up witli a wound in his 
leg. He said that a dog had bitten him, but few people perhaps were 
deceived by so fliuLsy a pretext®. Once when Mr Partridge's canoe- 

^ T, Arboufeset ©t F. Datiinae, Voyage <^ExpUyr<itim\ mi de la 

ColonU du Cap Bonne-E^rance (PariB* 1842), pp. 349 irg., 422 — 24* 

^ M, 1© Dofcteur Tautain, Icb Croyaiic«s ot PratiijaeB IteJigieusaB <l©s 

Banmanas/* d^EthtU)yraphic, tiu (1885), pp. 396 $q^ ; A. Ean<?on, Dam la HauU- 

Oambif, Voyage d'Exphration, Scientiftque (Pajis, 1894}, p. 445, 

> J. KeJJer, "U©bei* da© Laud uDd Volk dcr Balong,’* DeuUclm KolatiiMlatt 
1 Oktober, 1895, p. 4S4, 

* Father Trillea, “Chez Jes Fang, leur© Moeuv», lour Laagoe, leur Eeligion,'* Les 
MiMiotm Catholiques^ xkx. (1898), p. 322, 

^ Miss Mary H. Kingsley, Travek in Went Afrim (London, 1897), pp. 5B8 eq. As 
to til© external or bush souls of human beings, which in this part of Africa are supposed to ho 

lodged in the bodies of animals, see Mias Mary H, Kingsley, op, ciL pp, 469 461 ; B, Hen- 

shaw, ‘'Notes on the Efik belief in ‘bush soul/'’ Man, vi. (1906), pp, 121 sq.;S, Parkinson, 
**Notea on the Asaba people (Ihos) of the Niger/’ Joanml o/ ihe Anihropological Irntimu, 
XI XVI, (1906), pp, 314 sq, 
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men were about to catch fish near an iVssiga tomi in Southern 
Nigeria, the natives of the town objected, saying, ^'Our souls live in 
those fish, and if you kill them we shall die^” On another occasion, 
in the same region, an Knglishman shot a liippopotamus near a native 
village. The same !iight a woman died in the village, and her friends 
demanded and obtiiined fiom the marksman five pom^ds as comr>cnsa- 
tion for the mui'dcr of the woman, whose soul or second self had been 
in that hippopotamus®* Similarly at Ndolo, in the Congo region, we 
hear of a cViief whose life was bound up with a hippopotamus, but he 
prudently suflered no one to fire at the animaP. 

Amongst people who thus fail to perceive any sharp line of 
distinction lietween beasts and men it is not surprising to meet with 
the belief that human beings arc directly descended from animals. 
Such a belief is often found among totcinic tribes who imagine that 
their ancestors spmiig from their totemic animals or plants ; but it is 
by no means confined to them* 11ms, to take instances, some of the 
Californian Indians, in whose mythology the coyote or pi-airie-wolf is 
a leading personage, think that they are descended from coyotes* At 
first they walked on all fours; then they began to have some 
members of the human bmly, one finger, one toe, one eye, one car, 
and so on ; then they got two fingers, two toes, two eyes, two cars, 
and so forth ; till at last, progressing from period to period, 
they became i)crfcct human beings. The loss of their tails, 
which they still deplore, was produced by the habit of sitting upright^. 
Similarly Darwin thought that the tail has disappeared in man and 
the anthropomorphous apes, owing to the terminal portion having 
been injured by friction during a long lapse of time ; the basal and 
embedded portion having been reduced and modified, so as to 
become suitable to the erect or semi-erect position®**' The Turtle 
clan of the Iroquois think that they are descended from real 
mud turtles which used to live in a pool. One hot summer the 
pool dried up, and the mud turtles set out to find another* A very 
fat turtle, waddling after the rest in the heat, wm much incommoded 
by the weight of his shell, till by a great effort he heaved it off 
altogether* After that he gradually developed into a man and 
became the progenitor of the Turtle clan® The Craw^sli band of the 

' Charles Partri<Jget Cron River Native* (London, 1905), pp, 225 rg* 

* C, H, Itobiuson, (London, 1896), pp* 36 

* Notet Anal^lique* ntr let CoUectiom Efhnopraphiquts du Mut€e dn i, 

(Brasfiels, 1902 -»06), p* 150. 

* H, B, Sciiooloraft, Indian Tribet o/ the United Statetf iv* (Pbiladelpbia, 1856), 
pp, 224 tq. ; oompftTo id, v* p* 217, The descent of some, not aU, Indians from coyotes 
is mentioned also by Friar Boscana, in [A. Bobinson^s] Life in California (New York, 
1846), p. 2U9* 

® Charles Darwin, The Oeteent of Man, Second Ediiioii {London, 1879), p, 60, 

* E, A, Smilh, “Myths of the Iroquois,'^ Sec<md Annual Report of the Bureau of 
Kthnologif (Washington, 1883), p. 77* 
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Choctaws are in like manner descended from real crawfish, which 
used to live under ground, only comuig up occasionally through the 
mud to the surface. Once a party of Choctaws smoked them out, 
taught them the Choctaw language, taught them to walk on two legs, 
made them cut olf their toe nails and pluck the hair from their bodies, 
after which they adopted them into the tribe. But the rest of their 
kindred, the crawdish, are crawfish under ground to this day*. The 
Osage Indians universally believed that they were descended ft-om 
a male snail and a female beaver. A flood swept the snail down to 
the Mi&souri and left liim high and dry on the bank, where the sun 
ripened him into a man. He met and married a beaver maid, and 
from the i>air the tribe of the Osages is descended. For a long time 
these Indians retained a pious reverence for their animal ancestors 
and refrained from hunting beavers, liecause in killing a beaver they 
killed a brother of the Osages. But when wliitc men came among 
them and offered liigh prices for beaver skins, tlie Osages yielded to 
the temptation and took the lives of their furry brethren®. The Carp 
clan of the Ootawak Indians are descended from the eggs of a carp 
which had been deposited by the fish on the banks of a stream and 
warmed by the sun®. ITie Crane clan of the Ojibways are sprung 
originally from a pair of cranes, which after long ivaiiderings settled 
on the nipids at the outlet of Lake Superior, where they were changed 
by the Great Spirit into a man and womairi. 'The members of two 
Omaha clans were originally bufialocs and lived, oddly enough, under 
water, which they splashed about, making it iniiddy. And at death 
all the mcmbei'S of these clans went back to their ancestors the 
buffaloes. So when one of them lay adying, his friends used to wmp 
him up in a buffalo skin with the hair outside and say to him, “You 
came hither from the animals and you arc going back thither. Du 
not face this way again. Wien you go, coiitiuue walking*." llio 
Haida Indians of Queen Cliarlotte Islands believe that long ago tho 
raven, who is the chief figure in the mythology' of jrorth-\\^est 
America, took a cockle from the beach and married it ; the cocklo 
gave birth to a female child, whom the raven took to wife, and from 
their union the Indians were produced*. The Delaware Indians 
called the rattle*snake their grandfather and would on no account 

^ 0^. CaUin, AWlA Americun (Loiadoii, IS14), IL p. 

* Lawiii and CJarlte, TmveU fAe -Vourcc of the BfiMourl Hiver (Loudon, i, 12 
(VoL J, pp, 44 of tile Ijondoii loprint, 190^), 

^ X^ettre^ ^dijiantei et Oririemes^ NouvdJo Edilbn, vi. (Pari«, 1781), p, 171* 

* L. H, Morgan, Aneient SorAety (London, 1877), p, 160* 

* J* Owen Dorsey, ** Omaha Sociology,*^ Third Annual JRcport of the Bureau of 
Ethnoloffy (Washington, 1884), pp* 228, 283. 

G. M* Dawson, Rerpori on the Queen Charlotte Xetande (Montreal, 1880), pp, 140 n tq, 
{Oeologieal Surety of Canada) ; F. Poole, Queen Charlotte Iftandef p* 136* 
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destroy one of these reptiles, believing that were they to do so the 
whole race of rattle-snakes would rise up and bite them. Under the 
influence of tlie wliite man, however, their respect for tlieir grand- 
father the rattle-snake gitidually died away, till at last they killed 
him without conipuuction or ceremony whenever they met iiim. 
The writer who records the old custom observes that he had often 
reflected on the curious connection which appears to subsist in the 
mind of an Indian between man and the brute creation ; “all 
animated nature/' says he, “in whatever degree, is in their eyes a 
great whole, from which they have not yet ventui'cd to separate 
themselves 

Some of the Indians of Peru boasted of being descended from tlie 
puma or American lion ; hence they adored the lion as a god and 
appeared at festivals like Hercules dressed in the skins of lions with 
the heads of the beasts fijced over their own. Others claimed to be 
sprung from condors and attired themselves in great black and white 
wings, like that enormous bird®. The Waiiika of East Africa look 
upon the hyaena as one of their ancestors or as associated in some 
way with their origin and destiny. The death of a hyaena is mourned 
by the whole people, and the greatest funeral ceremonies which they 
perfonu are performed for tliis brute. The wake held over a chief 
is as nothing compared to the wake held over a hyaena ; one 
tribe only mourns the death of its chief, but all the tribes unite 
to celebrate the obsequies of a hyaena'*. Some Malagasy families 
claim to be descended from the babacoote (1/iehanotus breni- 
cmtdatm)f a large lemur of gmve appearance and staid demeanour, 
which lives in the depth of the forest When they find one of 
these creatures dead, his human descendants bui^y it solemnly, 
digging a grave for it, wrapping it in a shroud, and weeping and 
lamenting over its carcaBe. A doctor who had shot a babacoote was 
accused by the inhabitants of a Betsimisaraka village of having killed 
“one of their grandfethers in the forest,'^ and to appease their 
indignation he had to promise not to skin tlie animal in the village 
but in a solitary place where nobody could sec him^ Many of the 

^ Eev, John Aooonnt of tbe HUtoiry, Mannerii, aiid Cu^^toiDSf of the 

lodiftis Kfttions* who emoo inhabited Penn van la and the Neighbouring Slate*/* Tram- 
actiam af th< HUtcrical and Literary Committee of the American Philmophical Society, i, 
(Philadelphia, lS19),pp, 245, 247, 248, 

* 6arcUa»«o de la Vega, Firtt Part of the Royal Commentarie* of the Ynca$t VoL i, 
p, S2S, VoL II, p, lOG {Markham's translation), 

’ Charles New, Life, Wanderiny*f and Labours mEaelem Africa (London, 1S7S), p, 122. 

* Father AbinaU *^Croyances fabuleuees des Malgaehes/* Let Mittiom Calholiqaet, xii. 
(18S0), p. 526; G, H, Smith, **Some Betj^imiearaka suparatitiona,*' The Antananarivo 
dnauaf and iladagatcar Magazine, No, 10 (Antananarivo, 1886), p. 239 ; H, W. Little, 
Madagascar, itt Hittory and People (London, 1884), pp. 321 tq. ; A, van Gennep, Tahou et 
Tot^mitme A ifada^a^ear (Paris, 1004), pp, 214 iqq. 
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Betsim5si\mka believe that the curious nocturnal animal called the 
aye-aye {Clmwomy^ madagamaTmm^ “is the embodiment of 
their forefiithei-s, and hence will not touch it, much less do it an 
injury- It is said that when one is discovered dead in the forest, 
these people make a tomb for it and bury it with all the forms of 
a funeml. They think tliat if they attempt W entrap it, they will 
surely die in consequencc\*^ Some Malagasy tribes believe themselves 
descended from crocodiles and accordingly they deem the formidable 
reptiles their brothers. If one of these scaly brothers so far forged 
the ties of kinsliip as to devour a man, the chief of the tribe, or in Ids 
absence an old man fiimiliar with the tribal customs, rci>airs at the 
head of the people to the edge of the water, and siunmons the family 
of the culprit to deliver him up to the ann of justice, A hook is 
then baited and cast into the river or lake. Next day the guilty 
brother or one of liis ftimily is dragged ashore, formally tried, 
sentenced to death, and executed. The claims of justice being thus 
satisfied, the dead animal is lamented and buried like a kinsman ; a 
mound is raised over his gi'ave and a stone marks the place of liis 
head^. 

Amongst the Tshi-speaking tribes of the Gold Coast in West 
Africa the Hoi'se-mackerel family traces its descent from a real horse- 
mackerel whom an ancestor of theirs once took to wife* She lived with 
him happily in human shape on shore till one day a second wife, 
whom the iimn had married, cruelly taunted her with being nothing 
but a fish* That hurt her so much that bidding her husband farewell 
she returned to her old home in the sea, with her youngest cliild in 
her arms, and never came back again. But ever since the Horse- 
mackerel people have refi*aiiied from eating horse-mackerels, because 
the lost wife and mother a fish of that sort*. Some of the Land 
Pyaks of Borneo tell a similar tale to explain a similar custom* 
**Tlierc is a fish which is taken in their rivci‘S called w hich 

they w'ould on no account touch, under the idea that if they did 
they would be eating their relations. ITie tradition respecting it is, 
that a solitary old man went out fishing and caught a puUint which 
he dragged out of the water and laid dowm in his boat. On turning 
round, he found it had changed into a very pretty little girl CJon- 
ceiving the idea she would make, what lie had long wished forj a 

^ G. A, Shaw, Aje-aje/^ Antan^narh^ Annual and Madaffa»ear Maga^ng, 

Vol. iL (Antanauarivo, 1896), pp. 201, 203 (Eeprint of tha Socoad four Nuuahera). Com^ 
paro A. vaa Genuep, Tabou et Toi^mime cfc Madaffujtcar, pp. 220 sq, 

^ Father Abirial, ** Croyances fabulouseg d(JB Malgachew,” Le9 MisBiowf CaUialiqutij xn, 
U&80), p* 527 ; A. vaa Geauep, Tabou et ToUmisme 4 MadagaKar^ pp. 281 

® A. B. Ellis, The Tshi-»peuking PeopUs of the Gold Coast of Weet AJHoa (London, 
1687), pp- 208 — 11. A eimilar tala is told by another fish family who ahittain from eating the 
fish (appifi) from which they take tbeur name (A. B. Etlia, op. oit pp* 211 
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charming wife for his son^ he took her home and educated her iinti^ 
she was fit to be married* She consented to be the son's wife 
cautioning licr Imsband to use her well* Some time after their 
marriage, however^ being out of temperj he struck her, when she 
screamed, and ruslied away into the water ; but not without leaving 
behind her a beautiful daughter, who became afterwards the mother 
of the race\^* 

Members of a clan in Mandailing, on the west coast of Sumatra, 
assert that they are descended from a tiger, and at the present day, 
when a tiger is shot, the women of the clan are bound to offer betel 
to the de*ad bcasL Wlien members of this clan come upon the tracks 
of a tiger, they must, as a mark of homage, enclose them with 
three little sticks. Further, it is belieTed that the tiger will not 
attack or lacerate his kinsmen, the members of the claii“, Tlie 
Battas of Central Siunati*a arc divided into a number of clans which 
have for their totems white buflSiloes, goats, wild turtle-doves, dogs, 
cats, apes, tigers, and so forth ; and one of the explanations which 
they give of their totems is that these creatures were their ancestors, 
and that their own souls after death can transmigrate into the 
animals^. In Amboyna and the neighbouring islands the inhabitants 
of some villages aver that they are descended from trees, such as 
the CopeUenia which had been fertilised by the PamUon 

Haliaetus. Othei*s claim to bo spnmg from pigs, octopuses, croco- 
diles, sharks, and eels. People will not burn the wood of the trees 
from which they trace their descent, nor eat the flesh of the animals 
which they regard as their ancestors. Sicknesses of all sorts are 
believed to result from disregarding these taboos^* Similarly in 
Ceram persons who tliiiik they are descended from crocodiles, 
serpents, iguanas, and sharks will not eat the flesh of these animals®. 

* The Lord Bishop of I/aiboan, “On the Wild Tribej? of the North-West Coast of 
Borneo/' Tramactions of the Ethmiogteal Society of London y New Series, ii. (London, 
1863), pp. 2Gsq. Such stories conform to a wt’irknown type which muy be called the 
Swan-Maldcn type of story, or Beauty and the Beast, or Cupid and reydie. The oceurrence 
of steriee of this type among totemie peoples, such ue the Tshi-speaking negroes of the Gold 
Coast, who tell them to eiplaSn their totemie taboos, suggests that ail such tales may have 
originated in totem ism. I shall deal with this question elsewhere. 

® H. Kis, **De Onderafdeeling Klein Mandailing Oeloe en Pahantan en hare Bevolking 
met nit wondering van do Oeloos/* Bijdragen tot Taal- Land- cn Volkenkunde uou Neder- 
landsch*Indief xi*vi. (1S96), p. 473. 

® J, B. Neumann, “ Het Pane en Bila*stroomgebied op het eiland Sumatra/' Tijdschrift 
van het Nederlandsch Aardrijkskundig GenooUchapy Tweede Series m. Afdeeling, Mcer 
uitgebroide Artikelen, No. 2 (Amsterdam, 1886), pp. 311 ^ 15 . ; id. ih. Tweede Serie, it. 
Afdeeling, Meer uitgohreide Artikelen, No. 1 (Amsterdam, 1887), pp. 8 

* J. G. F. Hiedel, De ^luik- en kroeeharige Selehe^ en Papua (The Hague, 

1886), pp. 32, 61 ; G. W. W. C. Baron van HoeTeil, Ambon en meer hepaaldelijk de Oeliaeett 
(Dordrecht, 1875), p. 152. 

® J. G. F. Bi^el, qp. ciL p. 122. 
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Many other peoples of the Molucca Islands entertain similar beliefs 
and observe similar tal)oos\ Again, in Ponape, one of the Caroline 
Islands, “the different families suppose themselves to stand in a 
certain relation to animals, and especially to fishes, and believe in 
their descent ft*om them. They actually name these animals 
* mothers * ; the creatures are sacred to the family and may not 
be injured. Great dances, accompanied mth the offering of prayers, 
are performed in their honour* Any person who killed such an 
animal would expose himself to contempt and punishment, certainly 
also to the vengeance of the insulted deity."’ BlindneBS is commonly 
supposed to be the consequence of such a sacrilege^. 

Some of the aborigines of Western Australia believe tliat their 
ancestors were swans, ducks, or various other species of w^ater-fowl 
before they were tmnsfomied into men^ Tlie Dieri tribe of Central 
Australia, who arc divided into totemic clans, explain their origin by 
the following legend. They say that in the beginning the earth 
opened in the midst of Periguiidi I^ake, and tlie totems {murdus or 
madm) came trooping out one after the other. Out came the crow, 
and the shell parakeet, and the emu, and aU the rest Being as yet 
imperfectly formed and without membei^s or organs of sense, they 
laid tliemselves down on the sandhills which surrounded the lake 
then just as they do now. It was a bright day and the totems lay 
basking in the sunshine, till at last, refieshed and invigorated by it, 
they stood up as hinmin beings and dispei'sed in all directions* That 
is why people of the same totem are now scattered all over the 
country* You may still see the island in the lake out of which the 
totems came trooping long ago^. Another Dieri legend relates how 
Paralina, one of the Mu^a-Mm^as or mythical predoceseora of the 
Dieri, perfected mankind. He was out hunting kangaroos, when he 
saw four iiicoiiqdotc beings cowering together. So he w^ent up to 
them, smoothed their Ixidies, stretched out their limbs, slit up their 
fingers and toes, formed their mouths, noses, and eyes, stuck ears 
on them, and blew into their ears in order that they might hear. 
Having perfected tlicir organs and so produced mankind out of these 
rudimentary beings, he went about making men everywhere ^ Yet 
another Dieri tradition sets forth how the Mura-MuTa produced the 
race of man out of a species of small black lizards, which may still be 

1 J. G. F* Biedel, De shtik- eti kro^harige rmsen Sihbes en Fapwa (The 

Hague, 1866), pp. S34, 341, 31S, 41g, 414, 432. 

^ Dr Hahl, ‘‘MittheiluDgeii uber SItten und rechtliohe Verhaltuisso auf Penape/* 
Ethnologiisches Notizblaitt VtA. u. Heft 2 (Berlin, 1901)^ p* 10* 

* Captaiu G. Grey, A Vocabuhxry af the DiaiecU of South WtsUrn Australiut Second 

Edilion (London, 1840), pp, 29, 37, 61, 63, 66, 71. 

'* A. W. Howitt, Native Tribee of South-East Australia (London, 1904), pp. 47G, 779 

• A. W* Howitt, op. ciLf pp. 476, 780 
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met witli under di"y bark. To do this tie divided tlie feet of the 
lizards into fingers and toes, and, applying his forefinger to the middle 
of their faces, created a nose ; likewise he gave them human eyes, 
mouths and ears. He next set one of tliem upright, but it fell down 
again because of its tail ; so lie cut oif its tail and the lizard then 
walked on its hind legs. That is the origiii of mankind I 

The Arunta tribe of Central Australia similarly tell how in the be- 
ginning mankind was developed out of various rudimentary forms of 
animal life, Tliey say that in those days two beings calle<l Ungan\bi- 
htla^ that is, out of notiiing,*' or “ self-existing,'* dwelt in the western 
sky, Fi*oin their lofty ab^e they could sec, far away to tlie east, 
a number of inaperUea creatures, that is, rudimentary human beings 
or incomplete men, whom it was their mission to make into real men 
and women. For at that time there were no real men and women ; 
the rudimentary creatures {inapertim) were of various shajies and 
dwelt in groups along the shore of the salt water which covered the 
country, lliese embryos, as we may call them, had no distinct limbs 
or organs of sight, hearing, and smell ; they did not cat food, and 
they presented the appeamnee of human beings all doubled up into 
a rounded mass, iu which only the outline of the difierent parts 
of the body could be vaguely perceived. Coming down from their 
home in the western sky, armed witli great stone knives, the Ungam- 
bikuta took hold of the embryos, one after the other. First of all 
they released the arms from the bodies, then making four clefts at 
the end of each arm they fasliioned hands and Angel's ; afterwards 
legs, feet, and toes were added in the same way. The figure could 
now stand ; a nose was then moulded and the nostrils bored with the 
fingeiu A cut witli the knife made the mouth, which was pulled 
open several times to render it fiexiblc, A slit on each side of the 
face separated the upper and lower eye-lids, disclosing the eyes, 
which already existed behind them ; and a few strokes more com- 
pleted the 1xm1)% Tlius out of the rudimentary creatures were 
formed men and women. These rudimentary creatures or embryos, 
we are told, were in reality stages in the transformation of various 
animals and plants into liuman beings, and thus they were naturally, 
when made into human beings, intimately associated with the par- 
ticular animal or plants as the case may be, of which they were the 
transfonnations — in other words, each individual of necessity belonged 
to a totem, the name of whicli was of coui'se that of the animal 

' S, ‘*The Mauner^ and Cu®tom& of the Di eyerie tribe of AtiHtraliaa 

Aborigines/' Native TribvA of South Australia {AdeJaido, IS79), p, 260. Thin writer 
fell into the miutake of regarding the Mura-Mum {MooramooTa) as a Good-Spirit inetoad 
of as 0110 of tho mythical but more or less human predceceeors of the Diori |ti tho 
country. See A. W. Howitt, tVafiye Tribes of South- East Amtraiia, pp. 475 
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or plant of wliich he or she was a transformation.” However, it is 
not said that all the toteraic clans of the Anmta wore thus developed; 
no such tradition, for example, is told to explain tlic orijjrin of the 
important Witchetty Grub clan. Tlie clans which are positively 
known, or at least said, to have originated out of embryos in the way 
descried are the Plum Tree, the Grass Seed, the Large Liiiard, the 
Small Lizard, the Alexandra Parakeet, and the Small Rat clans. 
INHien the Uiigamhihila had thus fashioned people of these totems, 
they circumcised them all, except the Plum Tree men, by means 
of a fire-stick. After that, having done the work of creation or 
evolution, the TJnganibikula turned themselves into little lizards 
which bear a name meaning “snappers- up of flies 

This Arunta tratlition of the origin of man, as Messrs Spencer and 
Gillen, ivlio have recorded it, justly observe, “is of considerable 
interest ; it is iu the flrst place evidently a crude attempt to describe 
the origin of human beings out of nou-human creatures who were of 
various forms ; some of them were representatives of animals, others 
of plants, but in all cases they are to be regarded as intermediate 
stages in the transition of an animal or plant ancestor into a human 
individual who bore its name as that of his or her totem In a sense 
these speculations of the Arunta on their own origin may be said to 
combine the theory of creation witli the theory of evolution ; for 
while they repi*esent men as developed out of much simpler forms of 
life, they at the same time assume that this development was effected 
by the agency of two powerful beings, whom so far w’e may call 
creators. It is well known that at a far higher stage of culture 
a crude form of the evolutionary hypothesis was propounded by the 
Greek philosopher Empedocles. He imagined that shapeless lumps of 
earth and water, thrown up by the subterranean fires, developed into 
monstrous animals, bulls with the heads of men, men witli the heads 
of bulls, and so forth ; till at last, these hybrid forms being gradually 
eliminated, the various existing species of animals and men were 
evolved®. The theory of the civilised Greek of Sicily may be set 
beside the similar theory of the savage Arunta of Central Australia. 
Both represent gropings of the human mind iu the dark abyss of the 
past ; botlt were in a measure grotesque anticipations of the modem 
theory of evolution. 

In this essay I have made no attempt to illustrate all the many 

* Baldwin Spencer and P* J, Giilen, Native Trihee of Cenital AvtMtralia ( London ^ 1899), 
pp. 888 jf j* ; compare id . , NortJiern Trihm of Central Amtralui (London, 1904), p. 150. 

^ Baldwin Spencer and P, J. Gillen, Native Tribes of Central Aueiralia, pp. 391 ng, 

^ E* Zeller, Die Philosophie der GrUchenj i.* (Leipaic, 1876), pp- 718 sq. ; H, Bitter et 
L» Preller, Hiitoria FhiloEOpkiae Graecae Romanae ea:fontmm lode contesta^f pp. 102 sq. ; 
H* Diels, Die Fragmente der Vorsokratiker^t i. (Berlin, 1906), pp* 190 sqq. Compare 
Lucretioa, De reranh natura, y, 837 jgg* 
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various and divergent views which primitive man lias taken of his 
own origin, I have confined myself to collecting examples of two 
radically difierent views, which may be distinguished as the theory of 
creation and the theory of evolution. According to the one, man was 
fashioned in his existing shape by a god or other powerful being ; 
according to the other he was evolved by a natural process out of 
lower forms of animal life. Roughly speaking, these two theories 
still divide the civilised world between them. The partisans of each 
can appeal in support of their view to a largo consensus of opinion ; 
and if truth were to be decided by weighing the one consensus 
against the other, with Genesis in the one scale and The Origin, of 
Species in the other, it might perhaps be found, w'hen the scales 
were finally trimmed, that the balance hung very even between 
creation and evolution. 
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THE INFLUENCE OF DARWIN ON THE 
STUDY OF ANIMAL EMBRYOLOGY 



By a Sedgwick, M,A, RRS. 

Frofemor Zoology and Oomfarolim AnMomg in iiie 
Univ^'sity of Cambridge^ 

The publication of The Origin of Specim ushered in a new em in 
the study of Embryology^ Whereas, before tlie year 1859 the facts of 
anatomy and development were loosely held together by the theory 
of types, which owed its origin to the ^eat anatotnists of the pre* 
ceding generation, to Cuvier, K Agassiz, J* Miiller, and R Owen, 
they were now combined together into one organic whole by the 
theory of descent and by the hypothesis of recapitulation which was 
deduced from that theory. Tlie view^ that a knowledge of embryonic 
and larval histories would lay bare the secrets of I’ace-history and 
enable the course of evolution to be traced, and so lead to the 
discovery of the natural system of classification, gave a powerful 
stimulus to morphological study in general and to embryological 
investigation in particular. In Darwin's words: “Embryology rises 
gi’eatly in interest, when we look at the embryo as a picture, 
more or less obscured, of the progenitor, either in its adult or larval 
state, of all the members of the same gi'eat class^*' In the period 
under consideration the output of embryological work has been 
enormous. No group of the animal kingdom has escaped exhaustive 
examination and no effort has been spared to obtain the embryos of 
isolated and out of the way forms, the development of which might 
have an important bearing upon queetions of phylogeny and classifi- 
cation. Marine zoological stations have been establislied, expeditions 
have been sent to distant countries, and the methods of investigation 
have been greatly improved. Tlie result of this activity has been 
that the main features of the developmental history of all the most 
important animals are now known and the curiosity as to develop- 
mental processes, so greatly excited by the promulgation of the 
Darwinian theory, lias to a considerable extent been satisfied 

^ First clearly enanciated by Fritz MiiUer in his well-known work, Fur Darwin^ 
Leipzig, 1864 ; {English Edition, Pacts for Darioin, 18611). 

^ Oriifia {6th edit.), p. 396. 
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To what extent have the resulta of this vast activity fulfilled the 
expectations of the workers who have achieved them ? The Darwin 
centenary is a fitting moment at which to take stock of our position. 
In this inquiry we shall leave out of consideration the iiiiincnsc and 
intensely interesting additions to our knowledge of Natuml History. 
These may he said to constitute a capital fund upon which philo- 
soplici's, |K>ets and men of science will draw for many generationa 
The interest of Natural History existed long before Darwinian 
evolution was thought of and will endure without any reference to 
philosophic speculations. She is a mistress in whose face are beauties 
and ill whose arms are delights elsewhere unattainable* She is and 
ahvays has been pui^sued for her own sake without any reference to 
pliilosophyj science^ or utility, 

l>arw ill's own views of the bearing of the facts of embryology 
upon questions of wide scientific interest arc perfectly clear. He 
writes 

“ On the other hand it is highly probable that wdth many animals 
the embryonic or larval stages show us^ more or less completely, the 
condition of the progenitor of the whole group in its adult state. In 
the great class of the Crustacea, forms wonderfully distinct from each 
other, namely, suctorial parasites, cirripedes, entomostraca, and even 
the malaeostraca, appear at fimt as larvae under the nauplius-fonn ; 
and as these larvae live and feed in the open sea, and are not adapted 
for any peculiar habits of life, and fi’om other reasons assigned by 
Fritz Muller, it is probable that at some very remote period an 
indei>cndent adult animal, resembling the Nauplius, existed, and 
subse<iuently produced, along sevei'al divergent lines of descent, the 
above-named great Crustacean groups. So again it is probable, 
from w'hat w^e know' of the embryos of mammals, birds, fishes, and 
reptiles, that these animals are the modified descendants of some 
ancient progenitor, which was furnished in its adult state with 
branchiae, a swim-bladder, four fin-like limbs, and a long tail, all 
fitted for an aquatic life* 

“As all tlie organic beings, extinct and recent, which have ever 
lived, can be arranged within a few great classes; and as all within 
each class have, according to our theory, been connected together by 
fine gradations, the best, and, if our collections w^ere nearly perfect, 
the only possible arrangement, would be genealogical; descent being 
the hidden bond of connexion which naturalists have been seeking 
under the term of the Natural System, On this view^ we can under- 
stand how it is that, in the eyes of most naturalists, the structure of 
the embryo is even more important for classification than that of the 
adult In two or more groups of animals, however much tliey may 

^ Qn(jin (0th edit.}, p, S9S* 
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differ from each other in stioicture and habits in their adult coiKiitioii, 
if they pass through closely similar embryonic stages, we may feel 
assured that they all are descended from one pareut-form, and are 
therefore closely related* ThuSj community in enibryoiiic structure 
reveals community of descent; but dissimilarity in embryonic develop- 
ment does not prove discommuiiitj of descent, for in one of two 
groups the developmental stages may have been suppressedj or may 
have been so greatly modified through adaptation to new habits of 
life, as to he no longer recognisable* Even in groups, in which the 
adults have been modified to an extreme degree, community of origin 
is often revealed by the structure of the larvae ; we have seen, for 
instance, that ciriipedes, though externally so like shell-fish, are at 
once known by their larvae to belong to the great class of crustaceans* 
As the embryo often shows us more or less plainly the structure of 
the less modified and ancient progenitor of the group, we can see why 
ancient and extinct forms so often resemble in their adult state the 
embryos of existing species of the same class* Agassis^ believes this 
to be a universal law of nature; and we may liope hereafter to see 
the law proved true* It can, however, be proved true only in those 
cases in which the ancient state of the progenitor of the group has 
not been wholly obliterated, either by successive variations having 
supervened at a very early period of growth, or by sucli variations 
having \yeen inherited at an earlier stage than that at which they first 
appeared* It should also be borne in mind, that the law may be 
true, but yet, Giving to the geological record not extending far 
enough back in time, may remain for a long period, or for ever, 
incapable of demonstration* The law will not strictly hold good in 
those cases in which an ancient fonn became adapted in its larval 
state to some special line of life, and transmitted the same larval 
state to a whole group of descendants; for such larvae will not 
resemble any still more ancient form in its adult state." 

As this passage shows, Darwin held that embryology was of 
interest because of the light it seems to throw upon ancestral history 
(phylogeny) and because of the help it would give in enabling us to 
arrive at a natural system of classification. With regard to the 
latter point, he quotes ^vith approval the opinion that ^Hhe structure 
of the embryo is even more im|3ortant tor classification than that of 
the adult.” What justification is there for this view? The phase of 
life chosen for the ordinary anatomical and physiological studies, 
namely, the adult phaae, is merely one of the large number of stages 
of structure through which the organism passes. By far the greater 
number of these are included in what is specially called the develop- 
mental or (if we include larvae with embryos) embryonic period, for 
the developmental changes are more numerous and take place with 
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greater rapidity at the beginning of life than in its later periods* As 
each of these stages is equal in value, for our present pui-pose, to the 
adult phasCj it clearly follows that if there is anything in the view 
that the anatomical studj^ of organisms is of importance in deter- 
mining their mutual relations^ the study of the organism in its 
various embryonic (and larval) stages must have a gi^catcr importance 
than the study of the single and arbitrarily selected stage of Hte called 
tlie adult 

But a deeper reason than this has been assigned for the im- 
portance of embryology in classification. It has been asserted, and is 
implied by Darwin in the passage quoted, that the ancestral history is 
repeated in a condensed form in the embryonic, and that a study of 
the latter enables us to form a picture of the stages of structure 
through which the organism has passed in its evoliition. It enables 
US on this view to reconstruct the pedigi'ees of animals and so to 
form a genealogical tree wdiich shall be the true expression of their 
natural relations. 

The real question wliicli \vc have to consider is to wdiat extent the 
embrjmlogical studies of the last 50 years have confirmed or rendered 
probable this “theory of recapitulation,” In the first place it must 
be noted that the recapitulation theory is itself a deduction from 
the theory of evolution. The facts of embryology, particularly of 
vertebrate embryology, and of larval history receive, it is argued, ati 
explanation on the view that the successive stages of development 
are, on the whole, records of adult stages of structure whicli the 
species has passed through in its evolution* Whether this statement 
will bear a critical verbal examination I will not now pause to inquire, 
for it is more important to determine w hether any independent facts 
can be alleged in favour of the theory* If it could be shown, ae was 
stated to be the case by L, Agassiz, that ancient and extinct fonns of 
life present features of structure now^ only found in embryos, we should 
have a body of facts of the greatest importance in the present 
discussion* But as Huxley^ has shown and as the whole course of 
palaeontological and embryological investigation has demonstrated, 
no such statement can be made, Tlie extinct forms of life are very 
similar to those now^ existing and there is nothing specially embryonic 
about them* So that the facts, as we know them, lend no support to 
theory* 

But there is another class of tacts wliich have been alleged in 
favour of the theory, viz* the facts which have been included in the 

1 See Huxley^a Scientific London, 1898, Vol. t. p. 303 : There is no real 

parallel between the succesBive forms aBsumed in the development of the life of the 
individual at present, and those which have appeared at different opoehs in the paet*’- 
See also his Address to the Geological Society of London (186^1) ^ On the Palaeontological 
Evidence of Evolution,' ibid. Vol. ii, p* 512* 
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generalisation knoAVii as the Law of w Baer* Tlie law asserts that 
embryos of diiferont species of animals of the same group are more 
alike than the adults and that^ the younger tlie embryo, the greater 
are tlie resemblances. If this law could be established it would 
undoubtedly be a strong argument in favour of the ^Recapitu- 
lation** explanation of the fects of embryology* But its truth has 
been seriously disputed* If it were true we should exi>ect to find 
that the embryos of closely similar sx>ecies would be indistinguishable 
from one aiiotherj but this is notoriously not the case. It is more 
difficult to meet the assertion when it is made in the form given 
above, for here we arc dealing with mattei^s of opinion. For instance, 
110 one would deny that the embryo of a dogfish is different from the 
embryo of a rabbit, but there is room for difference of opinion when 
it is asserted that the difference is less than the difterence between an 
adult dogfish and an adult rabbit* It would be perfectly true to say 
that the differences between the embryos concern other organs more 
than do the differonecs between the adults, but who is prepared to 
affirm that the presence of a cephalic coelom and of cranial segments, 
of external gills, of six gill slits, of the kidney tubes opening into the 
muscle-plate coelom, of an enormous yolk-sac, of a neurenteric canal, 
and the absence of any trace of an amnion, of an allantois and of a 
primitive streak are not morphological facts of as high an import as 
those implied by the differences between the adults ? Tlie generalisa- 
tion undoubtedly liad its origin in tlio fact that there is what may be 
called a family resemblance between embryos and larvae, but this 
resemblance, which is by no means exact, is largely superficial and 
does not extend to anatomical detail 

It h useless to say, as Weismaiin has stated^, that ^^it cannot 
be disputed that the rudiments [vestiges his translator means] of 
gill-arches and gill-clefts, which are peculiar to one stage of human 
ontogeny, give us every ground for concluding tliat we possessed fish- 
like ancestors.'* The question at issue is : did the pharyngeal arches 
and clefts of mammalian embryos ever discharge a branchial fmiction 
in an adult ancestor of the mammalia ? We cannot therefore, without 
begging the question at issue in the gi^ossest manner, apply to them 
the terms *^gill-arches** and “gill-clefts**' That they are homologous 
with the “gill-arches** and “gill-clefts** of fishes is true ; but there is 
no evidence to show that they ever discharged a branchial function. 
Until such evidence is forthcoming, it is beside the point to say that 
it “cannot be disputed*' that they are evidence of a piscine ancestry* 
It must, therefore, be admitted that one outcome of the progress 
of embryological and palaeontological research for the last 60 years 

^ The Evolution Theory, by A* Wei Rm aim, Epglisli Translation, Vol. n. p, 176, 
London, 1904. 
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is negative* The recapitulation theorj^ originated as a deduction 
from the evolution theory and as a deduction it still remains. 

Let us before leaving the subject apply another test. If the 
evolution theory and the recapitulation theory are both true, how 
is it that living bii‘ds are not only without teeth but have no rudiments 
of teeth at any stage of their existence ? How is it that the missing 
digits in birds and mammals, the missing or reduced limb of snakes 
and whales, the reduced mandibulo-hyoid cleft of clasmobraiich fishes 
are not present or relatively more highly developed in the embryo 
than in the adult? How is it that when a marked variation, such 
as an extm digit, or a reduced limb, or an extra segment, makes its 
appearance, it is not confined to the adult but can be seen all through 
the development ? AU the clear evidence w e can get tends to show 
that marked variations, wjiether of reduction or increase, of organs 
are manifest during the whole of the development of the organ and 
do not merely aflfeet the adult And ou reflection we see that it could 
hardly be otherwise. All such evidence is distinctly at variance with 
the theory of recapitulation, at least as applied to embryos. In the 
case of larvae of course the case will be different, for in them the 
organs are functional, and reduction in the adult will not be accom- 
panied by reduction in the larva unless a change in the conditions 
of life of the larva enables it to occur. 

If after 50 years of research and close examination of tlie facts 
of embryology the recapitulation theory is still without satisfactory 
proof, it seems desirable to take a wider sweep and to inquire whether 
the facts of embryology cannot be included in a larger category. 

As has been pointed out by Huxley, development and life are 
co-extensive, and it is impossible to point to any period in the life of 
an organism when the developmental changes cease. It is true that 
these changes take place more mpidly at the commencement of life, 
but they are never wholly absent, and those which occur in the later 
or so-called adult stages of life do not differ in their essence, however 
much they may differ in their degree, fi'om those which occur dmdng 
the embryonic and larval periods. This consideration at once brings 
the changes of the embr3mnic period into the same category as those 
of the adult and suggests that an expiauatiou which will account for 
the one will account for the other. What then is the problem we are 
dealing with? Surely it is this: Wiy does an organism as soon as it 
is established at the fertilisation of the ovum enter upon a cycle of 
transformations w hich never cease until death puts an end to them ? 
In other words what is the meaning of that cycle of changes which all 
organisms present in a greater or less degree and which constitute the 
very essence of life? It is impossible to give an answer to this question 
so long as we remain within the precincts of Biology — and it is not 
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my present purpose to penetrate beyond those precincts into the 
realms of philosophy. We have to do with an ultimate biological fact, 
with a fniidatneutal property of living matter, which governs and 
includes all its other properties* How may this proijerty be stated ? 
Tims: it is a property of living matter to react in a remarkable way 
to external forces >vithoiit undergoing destruction. The life-cycle, 
of which the embrjonic and larval j)eriods are a part, consists of the 
orderly interaction between the organism and its environment The 
action of the environment produces certain morphological changes 
in the organism. These changes enable the organism to come into 
relation with new external forces, to move into what is practically 
a new environment, which in its turn produces further structiiml 
changes in the organism. These in their turn enable, indeed necessi- 
tate, the organism to move again into a new environment, and so the 
process continues until the structural changes are of such a nature 
that the organism is unable to adapt itself to the environment in 
which it finds itself. The essential condition of success in this process 
is that the organism should always shift into the environment to which 
its new structure is suited— any failure in this leading to the impair- 
ment of the organism* In most cases the shifting of the environment 
is a very gradual process (whether consisting in the very slight and 
gradual alteration in the relation of the embryo as a whole to the 
egg-shell or uterine wall, or in the relations of its parts to each other, 
or in the successive phases of adult life), and the morphological 
changes in comiection with each step of it arc but slight. But in 
some cases jumps are made such as we find in the phenomena known 
as hatching, birth, and metamoridiosis. 

Tins property of reacting to the environment without undergoing 
destruction is, as has been stated, a fundamental property of organisms. 
It is impossible to conceive of any matter, to which the term living could 
be applied, being without it And with this property of reacting to the 
environment goes tlie further property of undergoing a change wdiich 
alters the relation of the organism to the old environment and places 
it in a new environment If this reasoning is correct, it necessarily 
follows tliat this property must have been possessed by living matter 
at its first apiiearance on the earth. In other words living matter 
must always have presented a life-cycle, and the quastion arises what 
kind of modification has that cycle undergone? Has it increased or 
diminished in duration and complexity since organisms first appeared 
on the earth ? The current view^ is that the cycle wag at first very 
short and that it has increased in length by the evolutionary creation 
of new adult phases, that these new phases are in addition to those 
already existing and that each of them as it appeai-s takes over from 
the preceding adult phase the functional condition of the reproductive 

D, 12 
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oi^ns. According to the same view the old adult pliascs are not 
obliterated but persist in a more or less modified form as larval stagea 
It is further supposed that as the life-history lengthens at one end by 
the addition of new adult phases, it is shortened at the otlier by the 
abbreviation of embryonic development and by the absorption of 
some of the early larval stages into the embryonic period j but on the 
whole the lengthening process has exceeded that of shortening, so 
that the wliole life-history hs^, ^rith the progress of evolution, become 
longer and more complicated. 

Now there can \ye no doubt that the bfe-hisfcoi^ of organisms has 
been shortened in the way above suggested, for cases are known in 
which this can practically be seen to occur at tlie present day. 
But the process of lengthening by the creation of new stages 
at the other end of the life-cycle is more difficult to conceive 
ami moreover there is no evidence for its having occurred. This, 
indeed, may have occurred, as is suggested below, but the evidence 
^vo have seems to indicate that evolutionary modification has pro- 
ceeded by alUrinff and not by mpersedmg: that is to say that each 
stage in the life-history, as we see it to-tlay, has proceeded from a 
corresponding stage in a former era by the modification of that stage 
and not by the creation of a new one. Let me, at the risk of repeti- 
tion, explain my meaning more fully by taking a concrete illustmtion. 
The mandibulo-hyoid cleft (spimcle) of the elasmobranch fishes, the 
lateral digits of the pig^s foot, the hind-limbs of whales, the enlarged 
digit of the ostrich's foot are supposed to be organs which have been 
recently modified. Tliis modification is not eoufined to the final adult 
stage of the life-history but characterises them throughout the whole 
of their development. A stage with a reduced spimcle does not 
proceed in development from a preceding stage in which the spiracle 
shows no reduction : it is reduced at its first appearance. The same 
statement may be made of organs w^hich have entirely disapiicarcd 
in the adult, sucli as bird's teeth and snake's fore-limbs; the adult 
stage in which they have disappear cd is not preceded by embrjoiiic 
stages in which the teeth and limbs or rudiments of them are present 
III fact the evidence indicates that adult variations of any part are 
accompanied by precerlent variations in the same direction in the 
embryo. The evidence seems to show, not that a stage is added on 
at the end of the life-history, but only that some of the stages in the 
life-history arc modified. Indeed, on the wider view of development 
taken in this essay, a view which makes it coincident with life, one 
rvould not expect often to find, even if new stages are added in the 
coui'se of evolution, that they arc added at the end of the series when 
the organism h<is i>asscd through its reproductive period. It is 
possible of course that new stages have been intercalated in the 
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course of the life-history^ tliough it is difficult to see how this 
has occuiTed, It is much more likely^ if may judge from 
availabie evidence, that every stage has had its counterpart in the 
ancestral form from which it has been derived by descent with 
modification. Just as the adult phase of the living form differsj 
owing to evolutionary modification, from the adult phase of the 
ancestor from whmh it has proceeded, so each larval phase will differ 
for the same reason from the corresponding larval phase in the life- 
history of the ancestor. Inasmuch as the organism is variable at 
eveiy stage of its independent existence and is exposed to the action 
of natural selection there is no reason why it should escape motjifica- 
tion at any stage* 

If there is any truth in these considerations it would seem to 
follow that at the dawn of life the life-cycle must have been, either 
in pome or in emey at least as long as it is at the present time, and 
that the peculiaiity of passing through a series of stages in w^hich new 
characters are successively evolved is a primoixiial quality of living 
matter. 

Before leaving this part of the subject, it is necessary to touch 
upon another aspect of it "Wliat arc these variations in structure 
which succeed one another in the life-history of an organism ? T am 
conscious tliat 1 am here on the threshold of a chamber which 
contains the clue to some of our difficulties, and that I cannot enter 
it. Looked at from one point of view they belong to the class of 
genetic variations, which depend upon the structure or constitution 
of the protoplasm; but instead of appearing in different zygotes^, 
they are present in the same zygote though at different times in its 
life-history* They are of the same order as the mutational variations 
of the modern biologist upon wdiieh the appearance of a ne>v character 
depends. What is a genetic or mutational variation ? It is a genetic 
character which was not present in either of the parenta But these 
“growth variations'^ were present in the parents, and in this they 
difier from mutational variations. But what are genetic characters? 
They are characters which must appear if any development occurs. 
They are usually contrasted with “acquired characters,” using the 
expression “acquired character” in the Lamarckian sense. But 
strictly speaking they are acquired characters, for the zygote at first 
has none of the characters which it subsequently acquires, but only 
the power of acquiring them in respoTise to the action of the cnvii'on- 
ment. But the characters so acquired are not what we techtucally 
understand and what Lamarck meant by “acquired characters.” 
They arc genetic characters, as defined above. >Vhat then are 



^ A zygote its a fertilised ovum, i.e. a new organi?5m resulting from the fusion of an 
ovum and a spemiatozoon* 
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Lamarck's '^acquired characters"? They arc variatioiis in genetic 
characters caused in a particular way. There arCj in fact, two kinds 
of variation in genetic characters depending on the mode of causa- 
tion. Firstly, there are those variations consequent upon a variation 
in tlie constitution of the protoplasm of a particular ssygote, and 
independent of the environment in which the organism develops, 
save in so fer as this simply calls them foith : these are the 
so-called genetic or mutational variations. Secondly, there are 
those variations wliich occur in 55ygotes of similar genninal con- 
stitution and which are caused solely by dilferences in tlie environ- 
ment to which the individuals are respectively exposed : these are 
the “acquired characters" of Lamarck and of authoi*s generally. 
In consequence of this double sense in which the temi “acquired 
characters" may be used, great confusion maj" and does occur. If 
the protoplasm bo comparetl to a macliioc, and the external con- 
ditions to the hand that w^orks the machine, then it may be said that, 
as the machine can only work in one way, it can only produce one 
kind of result (genetic character), but the particular form or quality 
(Lamarckian “acquired character") of the result will depend upon 
the hand that works the machine (enviromnent), just as the quality 
of the sound produced by a fiddle dej)ends entirely upon the hand 
which plays u|K>n it It would be improper to apply the term 
“ mutation " to those genetic characters wliich are not new characters 
or new variants of old chameters, but such genetic characters are of 
the same nature as those characters to which the term mutation has 
been applied. It may be noticed in passing that it is very questionable 
if tlic modem biologist has acted in the real interests of science in ap- 
plying the term mutation in the sense in wliich he has applied it. The 
genetic characters of organisms come from one of two sources : either 
they arc old cliaracters and are due to the action of what we call in- 
heritance or they are new and are due to what we call variation. If 
the term mutation is applied to the actual alteration of the machinery 
of the protoplasm, no objection can be felt to its use; but if it be 
applied, as it is, to the product of the action of the altered machine, 
vise, to the new genetic character, it leads to confusion. Inheritance 
is the persistence of the structure of the machine; characters are 
the products of the working of the machine; variation in genetic 
characters is due to the alteration (mutation) in the arrangement 
of the machinery, while variation in acquired characters (Ijamarckian) 
is due to difierences in the mode of working the madiinery. The 
macliinery when it staris (in the new aygote) has the power of 
grinding out certain results, which we call the characters of the 
organism. These appear at successive intervals of time, and the 
orderly manifestation of them is what wc call the life-history of the 
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organism. This brings us back to the question ^ith whicli we started 
this discussion, viz. what is the relation of these variations in struc- 
ture, which successively appear in an organism and constitute its 
life-history, to the mutational variations which appear in different 
organisms of the same brood or species. The question is brought 
home to us when we ask what is a bud-sport, such as a nectarine 
appearing on a peach-tree? From one point of view, it is simply 
a mutation appearing in asexual reproduction ; from another it is 
one of these succession al characters (^^gi'owth variations”) which 
constitute the life-history of the zygote, for it appears in the same 
zygote which first produces a peach. Here our analogy of a machine 
which only works in one way seems to fail us, for these bud-sports 
do not appear in all parts of the organism, only in certain buds or 
parts of it, so that one part of the zygotic machine would appear to 
work difierently to another. To discuss this question further w^ould 
take us too far fi'om our subject* Suffice it to say that we cannot 
answer it, any more than w^e can this further question of burning 
interest at the present day, viz. to what extent and in wffiat manner 
is the machine itself altered by the particular way in which it is 
worked* Tn connection with this question we can only submit one 
consideration: the zygotic machine can, by its nature, only work 
once, so that any alteration in it can only be ascei^ined by studying 
the replicas of it wffiich are produced in the reproductive organs. 

It is a peculiarity that the result which w^e call the ripening of the 
generative organs nearly always appears among the final products 
of the action of the zygotic machine. It is remarkable that this 
should be the case. Wliat is the reason of it? The late appear- 
ance of functional reproductive organs is almost a universal lawr, 
and the explanation of it is suggested by expressing the law in 
another w^ay, viz. that the machine is almost always so constituted 
that it ceases to work efficiently soon after the reproductive organs 
have sufficiently discharged their function* Why this should occur 
we cannot explain : it is an ultimate fact of nature, and cannot be 
included in any wider category. Tlie period during which the 
reproductive organs can act may be short as in ephemerids or long 
as in man and trees, and there is no reason to suppose that their 
action damages the vital macliineiy, though sometimes, as in the case 
of annual plants (Metschnikolf), it may incidentally do so; but, long 
or short, the cessation of their actions is always a prelude to the end. 
\Vlien they and their action are impaired, the organism ceases to 
react with precision to the environment, and the organism as a wffiole 
undergoes retrogi'cssivc changes. 

It has been pointed out above that there is reason to believe that 
at the dawn of life the life-cycle w^as, either in esse or in posse, at 
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least as long as it is at the present time. Tlie qualification implied 
by the words in italics is necessary, for it is clearly possible that the 
external conditions tlien existing were not suitable for the production 
of all the stages of the potential life-history, and that what we call 
organic evolution has consisted in a gradual evolution of new en- 
vironments to whicli the organism’s innate capacity of change has 
enabled it to adapt itself. We ha%"e warrant for this possibility in 
tlic case of the Axolotl and in other similar cases of neoteny. And 
these cases further bring home to us the fact, to which I have already 
refeiTcd, that the full development of the functional reproductive 
organs is nearly always associated with the final stages of the life- 
history. 

On tins view of the succession of chaiactei*s in the life-history of 
organisms, how shall we expUiiu the undoubted fact that the develop- 
ment of buds hardly ever presents any phenomena corresponding to 
the embryonic and larval changes ? Tlie reason is clearly this, that 
budding usually occui*s after the embryonic stage is past; when the 
charactei’s of embryonic life have been worked out by the machine. 
When it takes place at an early stage in embryonic life, as it does in 
cases of so-called embryonic fission, the product shows, either partly 
or entirely, phenomena similar to those of embryonic development 
The only case known to me in which budding by the adult is 
accompanied by morphological features similar to those displayed 
by embryos is furnished by the budding of the mcdusifoiin si>ore-sacs 
of hydrozoon polyps. But this case is exceptional, for here we have 
to do with an attempt, which fails, to form a free-swimming organism, 
the medusa; and the vestiges which appear in the buds arc the 
umbrella-cavity, marginal tentacles, circular canal, etc*, of the medusa 
arrested in development 

Blit the question still remains, are there no cases in which, as 
implied by the recapitulation theory, variatioiig in any organ are 
confined to the period in which the organ is functional and do not 
aflcct it in the embryonic stages ? The teeth of the whalebone whales 
may be cited as a case in ivhich tliis is said to occur; but here the 
teeth are only imperfectly developed in the embryo and arc soon 
absorbed. They have been aflccted by the change which has 
produced their disapiiearance in the adult, but not to complete 
extinction. 5for arc they now likely to be extinguished, for having 
become exclusively embryonic they are largely protectetl from the 
action of natural selection. This consideration brings up a most 
important aspect of the question, so far as disappearing organs are 
concerned. Every organ is laid down at a certain period in the 
embryo and undergoes a certain course of growth until it obtains 
full functional development. When for any cause reduction begins, 
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it is affected at all stages of its growth, unless it has functional 
importance in the larva, and in some cases its life is shortened at one 
or both ends. In cases, as in that of the whalers teeth, in which it 
entirely disappears in the adult, the latter part of its life is cut off; 
in others, the beginning of its life may be deferrefh This happens, for 
instance, with the spiiacle of many Elasmobranchs, which makes its 
appearance after the hyobranchial cleft, not before it as it should do, 
being anterior to it in position, and as it does in the Amniota in which 
it shows no reduction in size as compared with the other pharyngeal 
clefts. 111 those J^lasmobranchs in which it is absent in the adult but 
present in the embryo (e,g, Carcharias) its life is shortened at both 
ends. Many more instances of organs, of which the beginning and 
end have been cut off*, might be mentioned; e.g, the musclc-pIate 
coelom of Aves, the primitive streak and the neurenteric canal of 
amniote blastoderms. In yet other cases in which the reduced 
organ is almost on the verge of disappearance, it may appear for a 
moment and disappear more than once in the course of develop- 
menl As an instance of this striking phenomenon I may mention 
the neurenteric ainal of avine embryos, and the anterior neuropore 
of Ascidians, Lastly the reduced organ may disappear in the 
developing stages before it does so in the adult. As an instance 
of this may be mentioned the maiidibiilar palp of those Crustacea 
with zoaea larvae. This stmeture disappears in the larva only to 
reappear in a reduced fonn in later stages. In all these cases 
we are dealing with an organ which, we imagine, attained a fuller 
functional development at some previous stage in race-histoi-y, but in 
most of them w^e have no proof that it did so. It may be, and the 
possibility must not be lost sight of, that these organs never were 
anything else than fimctionless and that though they have been got 
rid of in the adult by elimination in the course of time, they have 
been able to persist in embryonic stages which are protected from 
the full action of natural selection. There is no reason to suppose 
that living matter at its first appearance differed from non-living 
matter in possessing only properties conducive to its well-being 
and prolonged existence. No one thinks that the properties of the 
various fonns of inorganic matter are all strictly related to external 
conditions. Of wdiat use to the diamond is its high specific gravity 
and high refrangibility, <and to gold of its yellow^ colour and great 
w^eight? These substances continue to exist in virtue of other 
properties than these. It is impossible to suppose that the properties 
of living matter at its first appearance were all useful to it, for even 
now after aeons of elimination we find that it possesses many useless 
organs and that many of its relations to the external world are 
capable of considerable improvement. 
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In writing this essay I have purposely refrained from taking a 
definite position with regard to the problems touched* My desire 
has been to write a chapter showing the influence of Darwin's work 
so far as Embryology" is concerned^ and the various points which come 
up for consideration in discussing his views* Darwin was the last 
man who would have claimed finality for any^ of his doctrinesj but he 
might fairly have claimed to have set going a process of intellectual 
fermentation which is still very far from completion* 
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THE PALAEONTOLOGICAL RECORD 
I. ANIMALS 
By W. B, Scx>tt. 

Professor of Qmlogy in the University of Princeton^ UtS.A. 

To no branch of ecience did the publication of Tim Origm of 
Species prove to be a more vivifying and transfarming influence than 
to Palaeontology, This science had eiiflered, and to some extent^ still 
suffci^ from its rather anomalous position between geology and 
biology, each of which makes claim to its territory, and it was held 
in strict bondage to the Linnean and Cuvierian dogma that species 
were immutable entities* There is, however, reason to maintain that 
this strict botidage to a dogma now abatidoned, was not without its 
good side, and served the purpose of keeping the infant science in 
leading-strings until it was able to walk alone, and preventing a flood 
of premature generalisations and speculations* 

As Zittel has said : “ Two directions were from the first apparent 
in palaeontological research — a stratigniphical and a biological. 
Stratigi’aphera wished fi’om palaeontology mainly confinnation re- 
garding the true order or relative age of zones of rock-deposits 
in the field* Biologists had, theoretically at least, the more genuine 
interest in fossil organisms as individual forms of lifc^” The geo- 
logical or stnitigi*aphical direction of the science was given by the 
work of William Smith, “the fether of historical geology,” in the 
closing decade of the eighteenth century. Smith was the first to 
make a systematic use of fossils in determining the order of suc- 
cession of the rocks which make up the accessible crust of the earth, 
and this use has continued, without essential change, to tlie present 
day. It is true that the theory of evolution has gi’catly modified our 
conceptions concerning the introduction of new species and the 
manner in which palaeontological data arc to be interpreted in tenns 
of stratigraphy, but, broadly Bpeaking, the method remains funda- 
mentally the same as that intro<luced by Smith* 

The biological direction of palaeontology was due to Cuvier and 
his associates, who first showed that fossils were not merely varieties 

^ Zittel, History of Geoloyy und Palaeontology ^ p. *^t>3, London, 1901* 



(c) The Complete Work of Charles Darwin Online 



186 The Palmontological Reeonl L Animals 

of existiDg organisms^ but belonged to extinct species and genera, an 
altogether revolutionaiy conception, which stailled the scientific 
world Cuvier made careful studies, especially of fossil vertebrates, 
from the standpoint of zoology and was thus the founder of 
palaeontology^ as a biological science* His great work on Ossmients 
Fosfdles (Paris, 1821) has never been surpassed as a masterpiece 
of the comparative method of anatomical investigation, and has 
furnished to the palaeontologiet the indispensable implements of 
research* 

On the other hand, Cuvier's theoretical views rcg^irding the 
history of the eartli and its successive faunas and floi-as are such 
as no one believes to-day. He held that the earth had been re- 
peatedly devastated by great cataclysms, which destroyed every 
living thing, necessitating an entirely new creation, tlius regarding 
the geological periods as sharply demarcated and strictly contem- 
poraneous lor the whole earth, and each species of animal and plant 
as confined to a single period* Cuvier's inmiense authority and his 
commanding personality dominated scientific thought for more than 
a generation and marked out the line which the development of 
palaeontology was to follow* Tlie work was enthusiastically taken 
up by many very able men in the various European countries and 
in the United States, but, controOed as it was by the belief in tlie 
fixity of species, it remained almost entirely descriptive and consisted 
in the description and classification of the different gi^oups of fossil 
organisms* As ^already intimated, this narroivness of view had its 
compensations, for it deferred generalisations until some adequate 
foundations tor these had been laid. 

Dominant as it was, Cuvier's authority was slowly undermined 
by the progress of knowledge and the way iras prepared for the 
introduction of more rational coiicejrtions* The theory of “Cata- 
strophism" was attacked by several geologists, most eftectively by 
Sir Charles Lyell, who greatly amplified the principles enunciated 
by Hutton and Playfair in the preceding century, and inaugumted 
a new era in geologj^ LyelFs iinifoniiitarian views of the cartlTs 
history and of the agencies which had wrought its changes, had 
undoubted cflect in educating men's minds for the acceptance of 
essentially similar views regarding the organic world* In palaeontology 
too the doctrine of the immutability of species, though vehemently 
maintained and reasserted, was gradually weakening* In reviewing 
long series of fossils, relations were observed which pointed to genetic 
connections and yet were inteipreted as purely ideal. Agassiz, for 
example, who never accepted the evolutionary theory, drew attention 
to facts which could be satisfaetoiilj interpreted only in tenns of 
that theory. Among the fossils he indicated “progi'cssivc,'* “syn- 
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thetic,” ** prophetic/' and “embryonic" types, and pointed ont the 
parallelism which obtains l>etweeii the geological succession of ancient 
animals and the ontogenetic development of recent forms. In 
Darw'in's words : “This view accords admirably well with our theory\ 
Of similar import ^vere Owen's views on “generalised types" and 
“ archetypes.” 

Tl)e appearance of The Origm of Species in 1B50 revolutionised 
all the biological sciences. From the very nature of the case, Darwin 
was compelled to give careful consideratioTi to the palaeontological 
evidence ; indeed, it was the palaeontology and modern dietribution 
of aninials in South America which fii*st led him to reflect upon the 
great problem. In his own words : “ I had been deeply impressed 
by discovering in the Pampean formation great fossil animals covered 
with annour like that on the existing armadillos; secondly, by the 
manner in which closely allie<l animals replace one another in pro- 
ceeding sonthward over the Continent ; and thirdly, by the South 
American chai’acter of most of the productions of the Galapagos 
archipelago, and more especially by the manner in which they differ 
slightly on each island of the groups,” In the tamous tenth and 
eleventh chapters of the Origin^ the palaeontological evidence is 
examincfl at length and the imperfection of the geological record 
is strongly emphasised The conclusion is reached, that, in view of 
this extreme im|>eifection, imlaeontology could not reasonably l>e 
expected to yield coinplete and convincing proot of the evolutionai’y 
theory. I look at the geological record as a history of the world 
imperfectly kept, and witteii in a changing dialect ; of this history 
we possess the last volume alone, relating only to two or three 
countries. Of tliis volume, only here and there a short chapter has 
been preserved ; and of each page, only here and there a few lines 
Yet, aside from these inevitable difficulties, he concludes, that “the 
other great leading facts in palaeontology agree admirably with the 
theory of descent with mmlification through variation and natural 
selectioiri.” 

Darwin's theory gave an entirely new significance and importance 
to palaeontologj". Cuvier's conception of the science had been a 
limited, though a lofty one. “How glorious it would be if we could 
arrange the organised products of the universe in their chronological 
order!... The chronological succession of organised foniis, the exact 
determination of those types which appeared first, the simul- 
taneous origin of certain species and their gradual decay, would 
perhaps teach us as much about the mysteries of organisation as 

^ Origin of (Gth p. 310. 

® Li/e und Letters of CJmrlm Darwin^ i. p. 82. 

® of Species^ p. 282. * JMil. p. 313. 
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we can possibly learn through experiments with living organisms 
This, however, was rather the expression of a hope for the distant 
future than an account of what was attainable, and in practice the 
science remained almost purely descriptive, until Darwin gave it a 
new standpoint, new problems and an altogether fresh interest and 
charm. The revolution thus accomplished is comparable only to tliat 
produced by the Copcniican astronomy. 

From the first it was obvious that one of the most searching 
tests of the evolutionary theory would be given by the advance of 
palaeontological discovery. However iinijeiTect the geological record 
might be, its ascertained facts would necessarily be consistent, under 
any re^onable interpretation, with the demands of a true theory; 
otherwise the tlicory would eventually be overwhelmed by the mass 
of irreconcilable data. A veiy^ groat stimulus was thus given to 
geological investigation and to the exploration of new lands. In the 
last forty yeaiB, the examination of North and South America, of 
Africa and Asia has brought to Dght many chaptei's in the history 
of life, which are astonishingly full and complete. The Hood of new 
material continues to accumulate at such a rate that it is impossible 
to keep abreast of it, and the very wealth of the collections is a source 
of difiicnlty and embarrassment In modem palaeontology phylo- 
genetic questions and problems occupy a foremost place and, as a 
result ot tlie labours ot many eminent investigators in many lanfls, 
it may he said that this science has proved to be one of the most 
solid supports of Darwin^s theory. True, there are very many un- 
solved problems, and the discouraged worker is often tempted to 
believe that the fossils raise more questions than they answer. Yet, 
on the otlier hand, the whole trend of the evidence is so strongly in 
favour of the evolutionary doctriue, that no other interpretation 
seems at all rationaL 

To present any adequate account of the palaeontological record 
from the evolutionary standpoint, would require a large volume and 
a singularly unequal, broken and disjointed history it would be. 
Here the record is scanty, interrupted, even unintelligible, while 
there it is crowded with embaiTassing wealth of material, but too 
often these full chapters are separated by such stretches of unrecorded 
time, that it is difficult to connect them. It will be more i>rofitable 
to present a few illustrative examples tliaii to attempt an outline of 
the whole history. 

At the outset, the reader should be cautioned not to expect too 
much, for the task of detei-mining phylogenies fairly bristles with 
difficulties and encounters many unanswered questions. Even when 
the evidence seems to be as copious and as complete as could be 

1 ZitteJI, cit. p, 140. 
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Trvished, different observers will put different interpretations upon 
itj as in the notorious case of the Steinheiin shells K The ludicrous 
discrepancies which often appear between the phylogenetic “trees” 
of various writers have cast an undue discredit upon the scienco and 
have led many zoologists to ignore palaeontology altogether as un- 
worthy of serious attention. One principal cause of these discrepant 
and often contradictory results is our ignorance concerning the exact 
modes of developmental change. What one writer postulates as 
almost axiomatic^ another will reject as impossible and absurd, Few 
will be found to agree as to how^ far a given resemblance is offset by 
a given unlikenesS;, and so long as the qnestiou is one of w^eighing 
evidence and balancing probabilities, complete harmony is not to 
be looked for. These formidable difficulties confront us even in 
attempting to work out from abundant material a brief chapter 
in the phylogenetic history of some small and clearly limited group^ 
and they become dispropoii^ionately greaterj when we extend our 
view over vast peiiods of time and undertake to determine the 
mutual relationships of classes and types. If the evidence were 
complete and availablej we sliould hardly be able to unravel its 
infinite complexity^ or to find a clue through the mazes of the 
labyrinth. “ Our ideas of the course of descent must of necessity be 
diagrammatic I” 

Borne of the most complete and convincing examples of descent 
with modification are to be found among the mammals^ and nowhere 
more abundantly than in North America, where the series of con- 
tinental formations, running through the whole Tertiary period, is 
remarkably full. Most of these formations contain a marvellous 
wealth of mammalian remains and in an unusual state of preserva- 
tion. The oldest Eocene (Paleocene) 1ms yielded a mammalian fimna 
which is still of prevailingly Mesozoic characterj and contains but 
few forms wliich can be regarded as ancestral to those of later times. 
The succeeding fauna of the lower Eocene proper {Wasatch stage) 
is radically different and, while a few fomis continue over from the 
Paleocene, the majority are evidently recent immigrants from some 
region not yet identified. From the Wasatch onward, the develop- 
ment oi many phyla may be traced in almost unbroken continuity, 
though from time to time the record is somewhat obscured by 
migrations from the Old World and South America. As a rule, 
however, it is easy to distinguish between the immigi'ant and the 
indigenous elements of the fauna. 

^ In the Mioeene beds of Steinbeim, Wii^temberg, occur countless fresh- water shells, 
which show numerous of modification, but these have been very differently inter- 
preted by different writers, 

^ D. H. Scott, Studies in Fossil Botany, p. 524. London, l&OO. 
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From their gregarious habits and in dividual abundance, the 
history of many hoofed animals is preserved ynth especial clearness* 
So well known as to have become a commonplacej is the phylogeny 
of the horses, which, contrary to all that would have been expected, 
ran the greater part of its course in North America, So far as it has 
yet Ijeen traced, the line begins in the lower Eocene with the genus 
EoJiijypus^ a little creature not much larger than a cat, which lias 
a short neck, relatively short limbs, and, in particular, short feet, 
wdth four functional digits and a splintdike rudiment in the fore-foot, 
three functional digits and a rudiment in the limd-fook Ilia fore- 
arm bones (ulna and radius) are complete and 8epai‘ate, as are also 
the bones of the lower leg (fibula and tibia). The skull has a short 
face, with the orbit, or eye-socket, incompletely enclosed with bone, 
and the brain-case is slender and of small capacity. The teeth are 
short-crowned, the incisors without “mark” or enamel pit, on the 
cutting edge ; the prcmolai’s are all smaller and simpler than the 
molars. The pattern of tlic upper molars is so entirely dilTerent 
from that seen in the modern horses that, without the intermediate 
counectiiig steps, no one would have ventured to derive the later 
from the earlier plan. This pattern is quadritubercular, with four 
principal, conical cusps armnged in two tmnsvei'se pairs, forming 
a square, and two minute cuspulos between each transverse pair, 
a tooth which is much more pig-like than horse-like. In the lower 
molars the cusps have already united to form two crescents, one 
behind the other, forming a pattern which is extremely common 
in the early representatives of many diftcrent families, both of the 
Perissodactyla and the Artiodactyla. In spite of the manifold 
diflerences in all parts of the skeleton between Eohippiia and the 
recent horses, the former has stcamped upon it an ef]uiiie character 
which is unmistakable, though it can hardly l>e expressed in words. 

Each one of the diflbrcnt Eocene and Ohgocene horizons has its 
characteristic genus of horses, showing a slow, steady progress in 
a definite direction, all parts of the structure participating in the 
advance. It is not necessary to follow each of these successive steps 
of change, but it should be emphasised that the changes are gradual 
and uninterrupted. Tlie genus Mesokippus, of the middle Oligocene, 
may be selected as a kind of lialfiway stage in the long j>rogreasion. 
Comjmring MesoMpptis with Eohippus^ we observe that the foniier 
is much larger, some species attaining the size of a sheep, and has 
a relatively longer neck, longer limbs and much more elongate feet, 
which are tridactyl, and the middle toe is so enlarged that it bears 
most of the weight, while the lateral digits are very much more 
slender, Tlie fore-arm lx>nes have begun to co-ossify and the ulna 
is greatly reduced, while the fibula, though still complete, is hardly 
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more than a thread of bone. The skull has a longer face and a nearly 
enclosed orbit, and the brain-case is fuller and more capacious, the 
internal cast of which shows that the bmin was richly convoluted. 
The teeth arc still very shoit-crowned, but the upper incisors plainly 
show the beginning of the mark ; the premolars have assumed the 
molar form, and the upper molai's, though plainly derived from those 
of EohippuSy have m^e a long stride toward the horse pattem, in 
that the separate cusps have united to form a continuous outer wall 
and two transverse cresta 

In the lower Miocene the interesting genus Dmnmtippm shows 
a further advance in the development of the teeth, which are beginning 
to assume the long-crowned shape, delaying the formation of roots ; 
a thin layer of cement covers the cromis, and tlie transverse crests 
of the upi>er gidiiding teeth display an incipient degi’Ce of their 
modern complexity. Tliis tooth-pattern is strictly intermediate 
between the recent type and the ancient type seen in MeHohij>ptis 
and its predecessors. The upper Miocene genera, Protohijipm and 
Hipparion are, to all intents and purx>oses, modern in character, but 
their smaller size, tridactyl feet and somewhat shoiter-crowned teeth 
are reminiscences of their ancestry. 

From time to time, when a land-comiection between North 
America and Kimtsia was established, some of tlie successive equine 
genera migrated to the Old Woidd, but they do nut seem to have 
gaineil a permanent footing there until the end of the Miocene or 
beginning of the Pliocene, eventually diveraifying into the horses, 
asses, and zebras of Africa, Asia and Europe. At about the same 
period, the family extended its range to Soiitli America and there 
gjive rise to a number of species and genera, some of them extremely 
peculiar. For some unknown reason, all the horse tribe liad become 
extinct in the western hemisphere before the European discovery, but 
not until after the native race of man had i>eopIed the continents. 

In addition to the main stem of eepune descent, briefly considered 
in the foregoing paragraplis, several side-branches were given off at 
successive levels of the stem. Most of these branches were short- 
lived, but some of them flourished for a considcmble i>eriod and 
ramified into many species. 

Appai^ently related to the horses and derived from the same 
root-stock is the family of the Palaeotheres, confined to the Eocene 
and Oiigoccnc of Europe, dying out without descendants. In the 
earlier attempts to work out the liistory of the Iioi*ses, as in the 
famous essay of KoMalcvsky^, the Palaeotheres were placed in the 
direct line, because the number of adequately known Eocene mam- 

* ** Sar auretianense Cuv. et sur rhiatoire pal^ontalogique des Chevatix,** 

Mim. de VAcad. Imp. des Sc. de St Fitersbtmrg^ xx. no. 5, 1873. 
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mals Vim then go small, that Cuvier's types were forced into various 
incongruous positions, to serve as ancestors for unrelated series. 

The American family of the Titanotheres may also bo distantly 
related to the horses, but passed through an entirely diflerent course 
of development From the lower Eocene to tlie lower sulnstage of 
the middle Oligocenc the series is complete, beginning with small and 
rather lightly built animals. Gradually the stature and massiveness 
increase, a transverse pair of nasal horns make their appearance and, 
as these increase in size, the canine tusks and incisors diminish 
correspondingly. Already in the oldest known genus the number 
of digits had been reduced to four in the fore-foot and three in the 
Innd, but tlicre tlie reduction stops, for the increasing Imdy-weight 
made necessary the development of broad and heavy feet. The final 
inemliers of the series comprise only large, almost elephantine animals, 
witli iminenscly developed and very various nasal horns, huge and 
massive heads, and altogether a grotesque appeamiice. The growth 
of the brain did not at all keep pace with the increase of the head 
and body, und the ludicraiisly small brain may well have l>een one of 
the factors w'hich detennined the startlingly sudden disappearance 
and extinction of the gi’oup. 

Less completely known, but of unusual interest, is the genealogy 
of the rhinoceros family, which prol>ably, though not certainly, was 
likewise of American origin, Tlie group in North America at least, 
comprised three divisions, or sub*families, of very diflerent pro- 
portions, appeamuee and habits, representing three divergent lines 
from the same stem. Though the relationship between the three 
lines seems hardly open to question, yet the form ancestral to all 
of them has not yet been identified* This is because of our still very 
incomplete knowledge of several perissodactyl genera of the Eocene, 
any one of which may eventually prove to be the ancestor sought for. 

The first sub-family is the entirely extinct group of Hyraeodoiits, 
which may be traced in successive modifications through the upper 
Eocene, lower and middle Oligoccne, then disappearing altogether. 
As yet, the hyracodonts have been found only in North America, and 
the last genus of the series, Ifpracodon^ was a cursorial animal. 
Ycry briefly stated, the modifications consist in a gradual increase 
in size, with greater slenderness of proportions, accompanied by 
elongation of the neck, limbs, and feet, which become tridactyl and 
very nan^ow. The grinding teeth have jtssunied the rhinoceros-like 
pattern and the premolars resemble the molai's in form ; on the 
other hand, the front teeth, incisors and canines, have become very 
small and are useless as wTajions* As the animal had no horns, it 
was quite dcfciieoless and must have foimd its safety in its swift 
running, for Hyracodan displays many superficial resemblances to 
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the contemporary Oligocene hoi-ses, and \vm evidently adapted for 
speed. It may well have been the competition of the horses which 
led to the extinction of these cursorial rhinoceroses. 

The second sub-family, that of the Amjmodonts, followed a 
totally different course of development, becoming short-legged and 
short-footed, massive animals, the proportions of which suggest 
mpiatic habits; they retained four digits in the front foot. The 
animal was well provided with weapons in the large canine tusks, 
but was without horns. Some members of this group extended 
their range to the Old World, but they all died out in the middle 
Oligocene, leaving no successors. 

The sub-family of the true rhinoceroses cannot yet be certainly 
traced farther back than to the base of the middle Oligocene, tliough 
some ftaginentary remains found in the lower Oligocene are probably 
also referable to it Tlie most ancient and most primitive member of 
this series yet discovered, the genus Tngonms, is unmistakably a 
rhinoceros, yet much leas massive, having more the proportions of a 
tapir; it had four toes in the front foot, three in the hind, and had a 
full complement of teeth, except for the lower canines, though the 
up|)er canines are about to disappear, and the peculiar modification 
of the indsoi^s, characteristic of the true rhinoceroses, is already 
apparent; the skull is hondess. Keprcxsentatives of this siilvfamily 
continue through the Oligocene and Miocene of North America, 
becoming rare and localised in the Pliocene and then disappearing 
altogether. In the Old World, on the other hand, where the line 
appeared almost as early as it did in America, this group underwent 
a great cximnsion and ramification, giving rise not only to the 
Asiatic and iifrioin forms, but also to several extinct seriea 

Turning now to tlie Artiodactyla, we find still another gi'oup of 
manmials, that of the camels and llamas, wliicli has long vanished 
from North America, yet took its rise and ran the greater part of its 
eoiii-se in that continent. From the lower Eocene onward tlie history 
of tills series is substantially complete, though much remains to be 
learned coiiceniing the earlier members of the family. The story is 
very like that of the horses, to which in many respects it runs 
dubiously [>amlleL Beginning with very small, five-toed animals, we 
observe in the successive genera a gradual transformation in all parts 
of the skeleton, an elongation of the neck, limbs and feet, a reduetioii 
of tlie digits from five to two, and eventually the cxialesceiice of the 
remaining two digits into a “cannon-bone.” Tlie grinding teeth, by 
eipially gradual steps, take on tlie ruminant pattern, lii the upjier 
Miocene the line divides into the two branches of the camels and 
llamas, the former migi'ating to Eurasia and the latter to South 
America, though representatives of both lines jicrsisted in North 
B. la 
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America until a very late period. Interesting side-bi-anchcs of tliis 
line liave also been found, one of which ended in tlio upper Miocene 
in animals which had almost the proportions of tlio giraffes and must 
have resembled them in appearance. 

Tlie American Tertiary has yielded several other groups of 
ruminant-like animals, some of which form beautifully complete 
evolutionary scries, but space forbick more than this passing mention 
of them. 

It was in Europe that the Artiodactyla had their principal 
development, and the upper Eocene, Oligocene and Miocene are 
crowded with such an overwhelming number and variety of forms 
tliat it is hardly possible to marshal them in orderly army and 
determine their mutual relationships. Yet in this chaotic exuberance 
..f life, certain important fects stand out clearly, among these none is 
of greater interest and importance than the genealogy of the true 
Itmninants, or Pecora, which may be traced from the upper Eocene 
oil want The steps of modification and change are very similar to 
those through which the camel phylum passed in North America, 
but it is instructive to note that, despite tlieir many resemblances, 
the two series can l>e connected only in their far disUiit begiimings. 
The jK'tJoraii stock became vastly more expanded and diversified tlmii 
did tlie camel line and was evidently more plastic and adaptable, 
spreading eventually over all tlie continents except Australia, ami 
forming to-day one of the dominant types of mammals, wliile the 
camels are on tlie decline and not far fi-om extinction. Tlio Pecora 
successively ramified into the deer, antelopes, slieep, goats and oxen, 
and did not reach North America till the Miocene, when they were 
already far advanced in specialisation. To this inviision of the 
Pecora, or true runiiiiantR, it seems probable that the decline and 
eventual disap{>earancc of the camels is to be ascribed. 

Iteccnt discoveries in Egypt have thrown mucli light U|)on a 
problem wliicb long baffled the palaeontologist, namely, the origin of 
the elepiiants*. Early representatives of this order. Mastodons, had 
apixiarwl almost simultaneously (in the geological sense of tliat word) 
in tlie upi>cr Miocene of Europe and North America, but in neither 
continent was any more ancient type known wliich could iilausibly be 
rcgardwl as ancestral to them. Evidently, these problematical animals 
had reachwl the northern continents by migrating from some other 
region, but no one could say where that region lay. The Eocene and 
Oligocene bwls of the Fayoum show us that the region sought for is 
Africa, and that tlie elcphauts form just such a series of gradual 
modifications as we liave found among other hoofeil animals. The 

> G. W. Andrews, “On the Evolution of the PtoboseiJea," Phil. Tran*. Roy. Sot. 
Mrtdon, Vol. 196. 1904, p. 99. 
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later 3t<jp$ of the traiwforntatioii, by which the mastodons lost their 
lower tusks^ and their relatively small and sintplc grinding teeth 
acr^uired the great si/^ and highly complex structure of the true 
elephants, may be followed in the uppermost Miocene and Pliocene 
fossils of India and southern Kuropc. 

Egj'pt has also of late furnished some very welcome material 
which contributes to the solution of another unsolved problem w*hich 
liad quite eluded research, the origin of the whales; The toothed- 
whales may 1x» traced back in several more or less parallel lines as 
far as the lower Miocene, but their prodoecssors in tlie Oligoeenc are 
still so incoinplolely known that safe conclusions can hardly be drawn 
from them. In the middle ISoocne of I^'pt> however, has been 
found a small, wlialc-likc animat {Protoccin^, which shows what 
the ancestral toothed -whale was like, and at the same time seems 
to connect these thoroughly marine mammals with land-animals. 
Thoiigh already entirely adaptctl to an aquatic mode of life, the 
teeth, skull and backbone of Protocetm display so many diftbrcnccs 
from those of the later wlialcs and so many appro.vimations to those 
of primitive, carnivorous laud-mammals, as, in a largo degree, to 
bridge over the gap between the two groups. Thus one of the most 
ptmling of palaeontological questions is in a fair way to receive a 
saiisfectory answer. The origin of tlie whalebone-whales and their 
relations to the toothed-whalcs cannot yet be determined, since the 
necessary fossils have not Ireeir discovered. 

Among the carnivorous mammals, phylogenetic scries are irot so 
clear and distinct as antoiig the hoofed animals, chiotiy because the 
caimivorcs arc individually mucli less abundant, and well-preserved 
skeletons are among the priitcs of the coHectoi’. Nevertheless, much 
has already been learned conocrniiig tire mutual relations of the 
carnivorous families, and several phylogenetic scries, notably tliat of 
the dogs, arc quite complete. It has been made extremely probable 
that the primitive dogs of the lioccnc iej>rcscnt the ceirt-ial stock, 
from whicli nearly oi' quite all the other families branchwl o9', though 
the origiit and descent of the cate have not yet. been determined. 

It sliould be clearly understood that- the foregoing account, of 
mammalian descent, is merely a selection of a few representative 
cases and might be almost imlcfiiiitcly extended. Nothing has been 
said, for example, of the wonderful museum of ancient mammalian 
life which is cntombetl in the rocks of South America, csix^ially of 
Patagonia, and which oi>cns a woi'ld so entirely difterent fiom that of 
the northern continents, yet c-xcnipIifyiDg the same laws of ''descent 
with modification.” Very beautiful phylogenetic scries have already 
been established among tiiese n\ost interesting and marvellously 
preserved fossils, but lack of space forbids a consideration of them. 

la— 2 
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Th« origin of the mammnlia, ?«? a class, oft'crs a problem of which 
ixilaeontolog)' can as yet present no cletinitivc solution. Many 
morphologists regard the early amphibia as the aucestrol group from 
which the mammals were dcrive<l, while most palaeontologists believe 
that the mammals are descended from the reptiles. The most ancient 
known mammals, those from the uj)i>cr Triassic of Europe and North 
America, are so extremely rare and so very imperfectly known, that 
they give little help in detennining the descent of the class, but, on 
the other hand, certain reptilian ordci's of the Permian period, 
especially well represented in South Africa, display so many and such 
close approximat ions to mammalian structAire, as stmngly to suggest 
a genetic rclationsliip. It is diflicnlt to believe that all those like* 
nesses slmvild have been indcjicndcntly aetpured and arc without 
phylogenetic significance. 

Birds are comjiarativcly rai'c as fossils and we should therefore 
look in vain among them for any such long and closely knit scries as 
the mammals display in abimdaiicc. Nevertheless, a few extremely 
fortunate discoveries have made it pi-actically certain that birds are 
descended from reptiles, of which they represent a highly specialised 
branch. Tlie most ancient representative of this class is the extra- 
ordinaiy genus Archaeopteryx from the upiwr Jurassic of Bavaria, 
which, though an unmistakable bird, retains so many reptilian 
structures and chamctcristics as to make its derivation plain. Not 
to linger over anatomical n\inutiae, it may suftice to mention the 
absence of a horny Ijeak, which is replaced by mimerou.s true teeth, 
and the long lizard-like tail, which is made up of numerous distinct 
vertebrae, each with a jxiir of quill-like feathers attached to it- Birds 
with teeth are also found in the Cretaceous, though in most other 
respects the bii*ds of that iicriod had attained a substantially modem 
structure. Concerning the interrelations of the various ordeisi and 
families of birds, ]>alaeont«log;.v has as yet little to tell us. 

Tlie life of the Mesozoic cm was charac(eris«l by an astonishing 
mmil>er and variety of reptiles, which were adapted to every mode of 
life, and dominated the air, the sea and the land, and many of wliicli 
were of colossal preiAortions. Owing to the conditions of preserva- 
tion which obtaincel during the Mesozoic iHu ioel, the history of the 
reptiles is a broken and interrupted one, so that we can make out 
many short, scries, rather than any one of considerable length. 
While the relations of several reptilian orders can l)c satisfactorily 
determined, others still bafllc us entirely, making their first known 
api)carancc m a fully diftcrcntiatcel state. We can trace the descent 
of the sea-dragons, the Ichthyosaurs and Plcsiosam-s, from terrestrial 
ancestors, but the most ancient turtles yet discovered show us no 
closer approximation to any other order than do the recent turtles; 
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and the oldest known Pterosaurs, the flying dragons of the Jurassic, 
are already iully differentiated. There is, however, no ground for 
discouiageinent in this, for the progress of discovery has been so 
rapid of late years, and our knowledge of Mesozoic life has increased 
with such leaps and bounds, that there is every reason to expect a 
solution of many of the outstanding problems in the near future* 

Passing over the lower veilebrates, for lack of simce to give them 
any adequate considemtion, we may briefly take up the record of 
inveitebiute life* From the overwhelming mass of material it is 
difTiciilt to make a representative selection and even more difficult 
to state the facts intelligibly without the use of unduly technical 
language and without the aid of illustrations. 

Several groups of the Moliusca, or shell-fish, yield very full and 
convincing evidence of their descent from earlier and simpler forms, 
and of these none is of gieater interest than the Ammonites, an 
extinct order of the cephalopoda* Tlie nearest living ally of the 
ammonites is the pearly nautilus, the other existing cephaloiK>ds, 
such as the squids, cuttle-fish, octopus, etc,, arc much more distantly 
related* Like the nautilus, the ammonites all possess a coiled and 
chambered shell, but their csj^ecial characteristic is the complexity 
of the “sutures,'^ By sutures is meant the edges of the transverse 
partitions, or septa, where these join the shell-wall, and their 
complexity in the billy developed genera is extraordinaiy, fomiiug 
patterns like the most elabomte oak-leaf embroidery, while in the 
naiitiloids tlie sutures form simple curves* In the rocks of the 
Mesozoic era, wherever conditiDns of preservation are favourable, 
these beautiful shells are stored in countless multitudes, of an 
incredible variety of foiin, size and oniamentation, as is shown by 
the tact that nearly 5000 s|}ecies have already been described. The 
ammonites are particularly well adapted for phylogenetic studies, 
Ijecause, by removing the successive whorls of the coiled shell, the 
individual development may be followed back in inverse order, to 
the microscopic “protoconch,*' or embryonic shell, whidi lies con- 
cealed in the middle of the coil. Thus the valuable aid of embryology 
is obtained in detcnniiiing relationships. 

Tlic descent of the ammonites, taken as a gi'oup, is simple and 
clear ; they arose as a branch of the nautiloids in the lower Devonian, 
the shells known as gouiatites having zigzag, angulated sutures* 
Late in tlie succeeding Carboniferous period appear shells with a 
truly ammonoid complexity of sutures, and in the Pennian their 
number and variety cause them to form a striking element of the 
marine faunas* It is in the Mesozoic era, how^ever, that these shells 
attain their full development ; increasing enormously in the Triassic, 
they culminate in the Jurassic in the number of families, genera and 
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species, in the complexity of the sutures, and in the variety of shell- 
ornamentation* A slow decline begins in the Cretaceous, ending in 
the complete extinction of the whole group at the end of that period* 
As a final phase in the history of the ammonites, there appear many 
so-called ^'abnormal” genera, in which the sheU is irregularly coiled, 
or more or less uncoiled, in some forais becoming actually straight* 
It is interesting to observe that some of these genera arc not natural 
groups, but are polyphyletic/" i*e. are each derived from several 
distinct ancestral genera, which have undergone a similar kind of 
degeneration. 

In the huge assembly of ammonites it is not yet possible to 
armnge all the forms in a truly natural classification, which shall 
express the various inten’clations of the genera, yet several beautiful 
series have already been determined* In these series the individual 
development of the later genera shows transitory stages which are 
permanent in antecedent genera* To give a mere catalogue of names 
without figures would not make these series more intelligible* 

The Brachiopoda, or “ lamp-shells,” are a phylum of which com- 
paratively few survive to the present day ; their shells have a 
superficial likeness to those of the bivalved Mollusca, but are not 
homologous with the latter, and the phylum is really very distinct 
from the molluscs* While greatly reduced now^, these animals were 
incredibly abundant throughout the Palaeozoic era, great masses of 
limestone being often composed almost exclusively of their shells, 
and their variety is in keeping with their individual abundance. As 
in the case of the ammonites, the problem is to arrange this great 
multitude of forms in an orderly array that shall express the 
ramifications of the group according to a genetic system* For many 
brachiopods, both recent and fossil, the individual development, or 
ontogeny, has l)een worked out and has proved to be of great 
assistance in the problems of dassificatiou and phylogeny* iVlready 
very encouraging progress has been made in the solution of these 
problems* All brachiopods form first a tiny, embryonic shell, called 
the protegulum, which is believed to represent the ancestral form of 
the whole group, and in the more advanced geiiei^a the developmental 
stages clearly indicate the ancestral genem of the series, the suc- 
cession of adult forms in time corresponding to the order of the 
ontogenetic stages* The transformation of the delicate calcareous 
supports of the arms, often exquisitely preserved, are extremely 
interesting. Many of the Palaeozoic genera had these supports 
coiled like a pair of spiral springs, and it has been shoini that these 
genera were derived from types in which the supports were simply 
shelly loops. 

The long extinct class of Crustacea known as the Trilobites 
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are likewise very favourable subjects for phylogenetic studies. 
So far as the known record can inform us, the trilobites are 
exclusively Palaeozoic in distribution, but their course must have 
l>egun long before that era, as is shoivn by the number of distinct 
types among the genera of the lower Cambrian. The group reached 
the acme of abundance and relative importance in the Cambrian and 
Ordovician; then followed a long, slow decline, ending in complete 
and final disappearance before the end of the remian. Tlie newly- 
hatched and tiny trilobite larva, known as the protaspis, is very near 
to the primitive larval fomi of all the Crustacea, By the aid of the 
correlated ontogenetic stages and the succession of the adult forms 
in the rocks, many phylogenetic series have been established and a 
basis for the natural arrangement of the whole cla.ss has hecii laid. 

Very instructive series may also be observed among the Echino- 
denns and, what is very rare, we arc able in this sub-kingdom to 
demonstrate the derivation of one class from another. Indeed, there 
is much reason to believe that the extinct class Cystidea of the 
Cambrian is the ancestral group, from which all the other Echino- 
derms, star-fishes, brittle-3tai*s, sea-urchins, feather-stars, etc., are 
descended. 

The foregoing sketch of the palaeontological record is, of necessity, 
extremely meagre, and does not represent even an outline of the 
evidence, but merely a few illustrative examples, selected almost at 
i-andom from an immense body of material. However, it will perhaps 
suffice to show that the geological record is not so hopelessly incom- 
plete as Darwin believed it to be. Since The Origin of Specka Wiis 
written, our knowledge of that record has been enormously extended 
and we now possess, no complete volumes, it is true, but some 
remarkably full and illuminating chapters. The main significance of 
the whole lies in the fact, that jmt in proportion to the compUtemss 
of the record k the unequivocal (Procter of ite testimony to the 
truth of the evolutionary theory. 

The test of a true, as distinguished from a false, theorj' is the 
maimer in which newly discovered and unanticipated facts arrange 
themselves under it No more striking illustration of this can be 
found than in the coiiti*asted fates of Cuvier’s theory and of that of 
Darwin. Even before Cuvier’s death his views had been undermined 
and the progress of discovery soon laid them in irreparable ruin, 
while the activity of half-a-century in many different lines of inquiry 
has established the theory of evolution upon a foundation of ever 
growing solidity. It is Dai’win’s imjierishable glory that he prescribed 
the lines along which all the biological sciences were to advance to 
conquests not dreamed of when lie wrote. 
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XII 

THE PALAEONTOLOGICAL EEOOED 
II. PLANTS 

By D, H, Scott, F.RS. 

President of the Linnean Society. 

There are seveml points of view from Avhich the subject of the 
present essay may be regarded. We may consider the fossil record 
of jilants in its bearing: L on the truth of the doctrine of Evolution; 
II. on Phylogcny, or the coui^e of Evolution; ITT, on the theory of 
Natural Selection. The remai^ks whicli follow, illi^trating certain 
asiiects only of an extensive subject, may conveniently be grouped 
under these three headiiiga 

I* The Truth of Evolution. 

AVlien The Origm of Species was written, it was necessary to 
show that the Geological Record was favourable to, or at least 
consistent with, the Theory of Descent. The point is argued, closely 
and fully, in Chapter x. “On the Imperfection of the Geological 
Record/' and Chapter xi. “ On the Geological Succession of Organic 
Beings"'; there is, however, little about plants in these chapters. 
At the present time the truth of Evolution is no longer seriously 
disputed, though there are writers, like Reinke, who insist, and 
rightly so, that the doctrine is still only a belief, rather than an 
established fact of scionce\ Evidently, then, however little the 
Tlieory of Descent may be <iuestioiied in our own day, it is desimble 
to assure ourselves liow the case stands, and in particular how far tlie 
evidence from fossil plants has grown stronger with time. 

As regards direct evidence for the derivatio!! of one species from 
another, tliere has probably been little advance since Darwin WTOte, 
at least so we must infer from the emphasis laid on the discontinuity 
of successive fossil species by great systematic authorities like 
Gmnd'Eury and Zeiller in their most recent writinga We must 
either adopt the mutationist views of those authors {referred to in 

^ J. Reinke, **Kfitischo Abstammungslelire,” Wk/iner-FestBchrift, p. 11, Vienna, 19C8. 
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The Truth of Evolution 

the last section of this essay) or must still rely on T)arwin*s explana^ 
tioii of the aliseiice of ninoerous intermediate varieties, Tlie attempts 
which have been made to tracej in the Tertiary rocks, the evolution 
of recent species, cannot, owing to the imperfect character of the 
evidence, be regarded as wholly satisfactory. 

When we conic to groups of a somewdiat higher order we liave 
an interesting liistory of the evolution of a recent family in the 
work, not yet completed, of Kidstoii and Gwynne-Vauglian on the 
fossil Osmundaccaeh The authors are able, mainly on anatomical 
evidence, to trace back this now limited group of Ferns, through the 
Tertiary and Mesozoic to the Permian, and to show, with great 
probability, how their structure has been derived from that of early 
Palaeozoic types. 

The history of the Ginkgoaccae, now represented only by the 
isolated maidenhair tree, scarcely known in a wild state, offoi'S 
another striking example of a family which can be traced with 
ceitainty to the older Mesozoic and perhaps furtlier back still”. 
On the wider question of the derivation of the gimt gi'onps 
of plants, a very considerable advance has been made, and, so far 
as the Iiighor plants are concerned, we are now able to form a far 
better conception than before of the probable coiii'se of evolution. 
This is a matter of jihylogeny, and the facts wall be considered under 
that head; onr immediate point is that the new knowledge of the 
relations between the classes of plants iu question materially 
strengthens the case for the theory of descent. The discoveries 
of the last few years throw light especially on the relation of the 
Angiosperms to the Gyumosperms, on that of the Seed-plants gener- 
ally to the Ferns, and on the interrelations between the various 
classes of the higher Cryptogams. 

That the fossil record has not done still more for Evolution is due 
to the fact that it begins too late— a point on which Darwin laid 
stress® and which has more recently been elaborated by Poulton^. 
An immense proportion of the whole evolutionary history lies behind 
the lowest fossiliferous rocks, and tlic case is worse for plants than 
for animals, as the record for the former begins, for all practical 
purposes, much higher up in the rocks. 

it may be well here to call attention to a question, often over- 
looked, which has lately been revived by lleinke^. As all admit, 

' Tram* liayal SO 0 . Edinburgh, YoL 45, Ft. in. 1907, Yol. 46, PL ii. 1903, VoL 46, 
Ft. in. 1909. 

® See Sevvard and Go wan, ‘‘The Maidonliair Tree {Ginkgo hUoba),*^ AnnaU of Botany, 
Yol. XIV. 1900, p. 109; also A. Sprecher, Le Ginkgo hiloha^ Ii., Geneva, 1907. 

^ Oiigin of Speoies (6th edit.), p. 286. 

* Eifsayii on Evolution, pp. 46 at seq,, Oxford, 1903. 

^ Boinke, foe, eit* p. 13. 
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we know nothing of the origin of life ; consequently, for all we 
can tell, it is as probable that life began, on this planet, with 
many living things, as with one* If the fii*st organic l>eings were 
many, they may have been heterogeneous, or at least exposed to 
different conditions, from their origin ; in either case there would 
liavc been a iminber of distinct series from the beginning, and if so 
we should not be justified in aasuming that all organisms arc related 
to one another. There may conceivably be several of the original 
lines of descent still surviving, or represented among extinct forms — 
to reverse the remark of a distinguished botanist, there may be 
several Vegetable Kingdoms ! ilowevcr improbable this may sound, 
the possibility is one to be borne in mind. 

That all va^uUir plants I'eally belong to one stock seems certain, 
and here the palaeontological record has materially strengthened the 
case for a monophyletic history. The Bryophyta are not likely to be 
absolutely distinct, for their sexual organs, and the stomata of the 
Jlosses strongly suggest community of descent with the higher plants; 
if this be so it no doubt establishes a certain presumption in favour 
of a common origin for plants genenilly, for the gap between ** Mosses 
and Fcnis" has been regarded as the widest in the Vegetable King- 
dom. The direct evidence of consanguinity is how'cvcr much weaker 
when we come to the Algae, and it is conceivable (even if improbable) 
that the higher plants may have had a distinct ancestry (now wholly 
lost) from the beginning. The question had been raised in Darwin's 
time, and he referred to it in these words: doubt it is possible, 

as Mr G. H. Lewes has urged, that at the first commencement of life 
many different forms were evolved ; but if so, we may conclude that 
only a very few have left modified descendants This question, 
though it deserves attention, does not immediately afiect the subject 
of the palaeontological record of plants, for there can bo no reasonable 
doubt as to the interrelationship of those groups on which the record 
at present throw's light 

llie past history of plants by no means show’s a regular pro- 
gi'cssion from the simple to the complex, but often the contrary. 
This apparent anomaly is due to two causes. 

1. Tlie palaeobotauical record is essentially the story of the 
successive ascendancy of a series of dominant families, each of which 
attained its maximum, in organisation as well as in extent, and then 
sank into comparative obscurity, giving place to other families, which 
under new' conditions were better able to take a leading place. As 
each family ran its downward course, either its members underw^ent an 
actual reduction in structure as they became relegated to herbaceous 
or perhaps aquatic life (this may have happened with the Horsetails 

* Origin of p. 425. 
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and with Isoetes if derived from LepidodendreaeX or the higher 
branches of the family were crowded out altogether and only the 
^^poor relations” were able to maintain their position by evading 
the competition of the ascendant races; this is also illustrated by 
the history of the Lycopod phylum* In either case there would result 
a lowering of the type of organisation within the group. 

2* The course of real progress is often from the complex to the 
simple. If, as w^e shall find some grounds for believing, the Angio^ 
sperms came from a type with a flower resembling in its complexity 
that of Mesozoic “ Cycads,” almost the whole evolution of the flower 
in the highest plants lias been a process of reduction. Tlie stamen, 
in particular, has undoubtedly become extremely simplified during 
evolution ; in the most primitive kuowm seed-plants it was a higlily 
compouml leaf or pinna ; its reduction has gone on in the Conifers 
and modern Cycads, as w cU as in the Aiigiospenns, though in different 
ways and to a varying extent 

Tlic seed offers another striking example; the Palaeozoic seeds 
(if w e leave the seeddike organs of certain Lycopods out of conside- 
ration) were always, so far as we know, higlily complex structures, 
with an elaborate vascular system, a pollen-chamber, and often a 
much-diflerentiated testa. In the present day such seeds exist only 
in a few Gymnospeniis which retain their ancient characters — in all 
the higher Spennophjtes the structure is veiy much simplified, and 
this holds good even in the Coniferae, where there is no counter- 
vailing complication of ovary and stigma. 

Reduction, in fact, is not always, or even generally, the same 
thing as degeneration. Simplification of parts is one of the most 
usual means of advance for the organism as a whole. A large pro- 
portion of the higher plants are microphyllous in comparison with 
the highly megaphylloiis fern-like forms from which they appear to 
have been derived. 

Darwin treated the general question of advance in organisation 
with much caution, saving; “The geological record... does not extend 
far enough back, to show with immistakeable clearness that within 
the known history of the world organ^ation has largely advanced I” 
Further on^ he gives two standards by which advance may be 
measured: ought not solely to compare the liighest members 

of a class at any two i>eriods...but we ought to compare all the 
members, high and low, at tlie two periods.” Judged by either 
standard the Horsetails and Club Mosses of the Carboniferous were 
higher than those of our own day, and the same is true of the Meso- 
zoic Cycads* Tlicre is a general advance in the succession of classes, 
but not within each class. 

1 Origin of p. 308. ^ Ibid. p. 309. 
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Darwin's argument that “the inhabitants of the world at each 
successive period in its liistory have beaten their predecessore in the 
mce for life, and arc, in so far, higher in the scale is unanswerable, 
but we must remember that “higher in the scale'' only means “better 
adapted to the existing conditions/' Darwin points out® that species 
have remaiued unchanged for long j>criods, probably longer than the 
periods of modification, and only underwent change when the con- 
ditions of their life were altered. Higher organisation, judged by 
the test of success, is thus purely relative to the changing conditions, 
a fact of which wc have a striking illustration in the sudden in- 
coming of the Angiospenns with all tlieir wonderful floml adaptations 
to fertilisation by the higher families of Insects. 

IL Phylogks^y. 

The (luestion of phylogciiy is really inseparable from that of the 
truth of the doctrine of evolution, for wc cannot have historical 
evidence that evolution has actually taken place without at the same 
time having evidence of the course it has followed. 

As already ix>inted out, the progi'ess hitherfo made has been 
lather in the w'ay of joining up the great classes of plants than in 
tracing the descent of particular species or genera of the recent flora. 
Tliere appears to be a difference in this respect from the Animal 
record, which tells us so much about the descent of living species, 
such as the elephant or the horse. The reason for this difierence is 
no doubt to be found in the fact that the later part of the palacoiito' 
logical record is the most satisfactory in the case of animals and the 
least so in the case of plants. The Tertiary plant-remains, in the 
great majority of instances, are impressions of leaves, the conclusions 
to be drawn from which are highly precarious ; until the whole 
subject of Angiospemious jmlaeobotany has been reiuTestigated, it 
w^oiild be rash to venture on any statements as to the descent of the 
families of Dicotyledons or Monocotyledons. 

Our attention will be concentrated on the foOow ing questions, all 
relating to the phylogeny of main gi'oups of plants : i. T^e Origin of 
the Angiosperms. ii. The Origin of the Seed-plants, iii. The Origin 
of tlie different classes of the Higher Cryptogamia. 

i. The Origm of the Anffio^enm, 

The fii’st of these cpiestions has long been the great crux of 
botanical phylogeny, and until quite recently no light had been 
thrown upon the difficulty. The Angiospenns are the Flowering 
Plants, 2>^r ^cellence^ and form, beyond comparison, the dominant 
1 On^in 0/SpecieSt p. 815. ^ Ibid, p. 279. 
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sub-kingdom in the flora of our own age, including^ apart from a few 
Conifers and Ferns, all the most femiliar plants of our fields and 
gardens, and practically all plants of service to man* All recent 
work has tended to separate the Angiosperms more widely from the 
other seed-plants now living, the Gymnosperms. Vast as is the 
range of organisation presented by the great modem sub-kingdom, 
embracing forms adapted to every environment, there is yet a marked 
uniformity in certain points of structure, as in the development of 
the embrjO"Sac and its contents, the pollination through the intei*- 
vention of a stigma, the strange phenomenon of double fertilisation^, 
the structure of the stamens, and the arraiigeinent of the parts of 
the flower. All these points are common to Monocotyledons and 
Dicotyledons, and separate the Angiosperms collectively from all 
other plants. 

In geological history the Angiosperms first appear in the Lower 
Cretaceous, and by Upper Cretaceous times had already swamped 
all other vegetation and seized the dominant position ^vhich they 
still hold. Thus they are isolated structiirally from the rest of the 
Vegetable Kingdom, ^yhile historically they suddenly appear, ahnost 
in full force, and apparently without intermediaries with other groups. 
To quote Darwin's vigorous words : “ The rapid development, as far 
as we can judge, of all the higher plants within recent geological 
times is an abominable mystery^/" A couple of years later he made 
a bold suggestion (which he only called an “ idle thought to meet 
this difficulty. He says : “ I have been so astonished at the appa- 
rently sudden coming in of the higher phanerogams, that I have 
sometimes fancied that development might have slowly gone on for 
an immense period in some isolated continent or large island, perhaps 
near tlie South Polc^,” This idea of an Angiospennous invasion from 
some lost southern land has sometimes been revived since, but has 
not, so far as the writer is aware, been supported by evidence. Light 
on the problem has come from a diflcrciit direction, 

Tlie immense development of plants with the habit of Cycads, 
during the Mesozoic Period up to the Lower Cretaceous, has long 
been known. The existing Order Cycadaceae is a small family, with 
9 genera and perhaps 100 species, occurring in the tropical and 
sub-tropical zones of both the Old and New World, but nowhere 
fonning a dominant feature iii the vegetation. Some few attain the 
stature of small trees, while in the majority the stem is short, though 
often living to a great age. The large pinnate or rarely bipinnate 

^ One sperm fertilising the egg, while the other unites with the embryo- ajic imelea&j 
itself the product of n nuclear fusion, to give rise to a nutritive tiasue, the endusperiu, 

^ Mor& Letters of Charles DamiH, Vol, ii, p. 20, letter to 1- D. Hooker, 18 71^. 

^ /bid. p, 26, letter to Hooker, 1831, 
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leayes give the Cycads a superficial resemblance in habit to Palms. 
Eecent Cycads are dioecious ; throughout the family the male fructifi- 
cation is in the form of a conCj eacli scale of the cone representing 
a stamen, and bearing on its lower surface numerous pollen-sacs, 
grouped in sori like the sporangia of Ferns. In all the genera, except 
Cycas itself, the female firiictifications are likewise cones, each carpel 
bearing two ovules on its margin. In Cycas, however, no female 
cone is produced, but the leaf-like carpels, bearing from two to six 
ovules each, are borne directly on the main stem of the plant in 
rosettes alternating with those of the ordinary leaves — the most 
primitive arrangement known in any living seed-plant. The whole 
Order is relatively primitive, as shown most strikingly in its crypto- 
gamic mode of fertilisation, by means of spermatozoids, which it shares 
with the maidenhair tree alone, among recent seed-plants. 

In all the older Mesozoic rocks, fooni the Trias to the Lower 
Cretaceous, plants of the Cycad class (Cycadophyta, to use NathorsCs 
comprehensive name) are extraordinarily abundant in all parts of tlie 
world; in fact they were almost as prominent in the flora of those 
ages as tlie Dicotyledons are in that of our own day. In habit 
and to a great extent in anatomy, the Mesozoic Cycadophyta for the 
most part much resemble the recent Cycadaceae. But, strange to 
say, it is only in the rarest cases that the fructification has proved 
to be of the simple type characteristic of tlic recent family; the vast 
majority of the abundant fertile specimens yielded by the Mesozoic 
rocks possess a type of reproductive apparatus tar more elaborate 
than anything known in Cycadaceae or other Gymiiosperms. The 
predominant Mesozoic family, characterised by this advanced repro- 
ductive organisation, is known as the Bennettiteae ; in habit these 
plants resembled the more stunted Cycads of the recent flora, but 
differed from them in the presence of immorous lateral fructifi- 
cations, like large buds, borne on the stem among the crowded bases 
of the leaves. The organisation of these fmctifications vras first 
worked out on European specimens by Carnithers, Solms-Laubach, 
Lignier and otheis, but these observers had only more or less ripe 
fruits to deal with; the complete structure of the fiower has only 
been elucidated within the last few years by the researches of 
Wieland on the magnificent American material, derived from the 
Upper Jui'assic and Lower Cretaceous beds of Maryland, Dakota and 
Wyoming^ The word “flower"" is used deliberately, for reasons 
which will be apparent from the following brief description, based 
on Wielanffs observations. 

The fructification is attached to the stem by a thick stalk, 
which, in its upper part, bears a large number of spirally arranged 

^ G. E. Wieland j American Fossil Cycads, Carnegie Instifcutionj Washington, 190G, 
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bi’acts, forming collectively a kind of perianth and completely en- 
closing the essential organs of reproduction. The latter consist of 
a whorl of stamens, of extremely elaborate structure, surrounding a 
central cone or receptacle bearing numerous ovules. The stamens 
resemble the fertile fronds of a fern ; they are of a compound, 
pinnate form, and bear very large numbers of pollen-sacs, each of 
which is itself a compound structure consisting of a number of com- 
partments in which the pollen w'as fonned. In their lower part the 
stamens are fused together by their stalks, like the “monadelphous" 
stamens of a mallow. Tlie numerous ovules borne on the central 
receptacle are stalked, and are intermixed with sterile scales ; the 
latter arc expanded at their outer ends, which are united to fonn a 
kind of pericarp or ovary-wall, only interrupted by the protruding 
micropyles of the ovules. There is thus an approach to the closed 
pistil of an Angiosperin, but it is evident that the ovules received 
the pollen directly. The whole fructification is of large size ; in the 
case of Cycadeoidm dacMensis, one of the species investigated by 
Wieland, the total length, in the bud condition, is about 12 cm., 
half of which belongs to the peduncle. 

The general arrangement of the organs is manifestly the same 
as in a typical Angiospermous fiow'er, with a central pistil, a sur- 
rounding whorl of stamens and an enveloping perianth ; there is, 
as w'e have seen, some approach to the closed ovary of an Angio- 
sperm ; another point, first discovered nearly 20 years ago by Solms- 
Laubach in his investigation of a British spocies, is that the seed 
was practically “ exalbuminous,” its cavity being filled by the large, 
dicotyledonous embryo, whereas in all know'n Gymnosperms a large 
part of the sac is occupied by a nutritive tissue, the prothaUus or 
endosperm ; here also we have a condition only met with elsewlierc 
among the higher Mowering Plants. 

Taking all the characters into account, the indications of afiinity 
betw^een the Mesozoic Cycadophyta and the Angiospenns appear 
extremely significant, as was recognised by Wieland when he first 
discovered the heimiaphrodite nature of the Bennettiteaii flower. 
The Angiosperin with w'hich he specially compared the fossil type 
was the Tulip tree (Liriodendron) and certainly there is a remarkable 
analogy with the Magnoliaceous flowers, and with those of related 
orders such as Ranunculaceae and the Water-lilies. It cannot, of 
course, be maintained that the Bemiettiteac, or any otlier Mesozoic 
Cycadophyta at present known, were on the direct line of descent 
of the Angiospemis, for there are some important points of difierence, 
as, for example, in the gi'eat complexity of the stamens, and in the 
fact that the ovary-wall or pericarp was not formed by the carpels 
themselves, but by the accompanying sterile scale-leaves. Botanists, 



(c) The Complete Work of Charles Darwin Online 



208 The Palmontologicid Record. /Z Plants 

since the discovery of the bisexual flowei’s of the Bemiettiteaej 
have expressed different views as to the iieameas of their relation 
to the higher Flowering Plants, but the points of agi^eemeiit are 
so many that it is difficult to resist the conviction that a real 
relation exists, and that the ancestry of the Angiosperms, so long 
shrouded in complete obscurity, is to be sought among the great 
plexus of Cycad-like plants which dominated the flora of the world 
in Mesozoic times \ 

The great complexity of the Beniiettitean flower, the earliest 
known fructification to Mhich the word “ flower can be applied 
without forcing the sense, renders it probable, as Wielaiid and 
others have pointed out, that the evolution of the flower in 
Angiospenns has consisted essentially in a process of reduction, 
and that the simplest forms of flower are not to be regarded as the 
most primitive. The older morphologists generally took the view 
that such simple flowei*s were to be explained as reductions fi‘om 
a more perfect type, and this opinion, though abandoned by many 
later witera, appears likely to be true when we consider the elabom- 
tion of floml structure attained among the Mesozoic Cycadophyta, 
which preceded the Angiospenns in evolution. 

If, as noAV seems probable, the Angiospenns were derived from 
ancestors allied to the Cycads, it w^ould naturally follow that the 
Dicotyledons were first evolved, for their structure has most in 
common with that of the Cycadophyta. We should then have to 
regard the Monocotyledons as a side-line, diverging probably at a 
very early stage from the main dicotyledonous stock, a view which 
many botanists have maintained, of late, on other grounds^. So far, 
however, as the palaeontological record shows, tlic Monocotyledons 
were little if at all later in their appearance than the Dicotyledons, 
though always subordinate in numbers. The typical and beautifully 
preserved Palm*wood from Cretaceous rocks is striking evidence 
of the early evolution of a characteristic moiiocotyledoiious family* 
It must be admitted that the whole question of the evolution of 
Monocotyledons remains to be solved. 

Accepting, provisionally, the theory of the cycadophytic origin 
of Angiosperms, it is interesting to see to what further conclusions 
wc are led. The Beimettiteae, at any rate, were still at the g>mi- 
nospennous level as regards their pollination, for the exposed 

1 On this subject see, in addition to Wieiand's great work abo^e cited, F. W. Oliver, 
**Fteridoftpenns and Angiosperms,^* JVete VoL v* 19CM>; D. H. Scott, *‘The 

Flowering Bants of the Meeoaoie Age in the Light of Becent Diacoveries,” Jmrtial IL 
Microscop. Soc. 1907, and especially E. A, N. Arber aud J. Parkin, » On the Orighi of Angio* 
fipenuB,** Journal Linn. Soc* (Bot.)¥ol. p. 29, 1907. 

^ See especially Ethel Sargant, '^The Beconstruction of a Baee of Primitive Angio- 
sperms/' Annah of Boiamj^ VoL sm. p. 121, 1908. 



(c) The Complete Work of Charles Darwin Online 



209 



Origin of Seed-plants 

niicropylcs of the ovules were in a position to receive the pollen 
directly, without the intervention of a stigma. It is thus indicated 
that the Angiosperms sprang from a gyninospcrmous source, and 
that the two great phyla of Seed-plants have not been distinct 
from the first, though no doubt the great majority of known 
Oymnospenns, especially the Coniferae, represent branchdines of 
their own. 

The stamens of the Bennettiteac are arranged precisely as in 
an angiospermous flower, but in form and structure they arc like 
the fertile fronds of a Feni, in fact the compound pollen-sacs, or 
synangia as they are technically called, almost exactly agree with 
the si)ore-sacs of a particular family of Fenis — the Marattiaceae, a 
limited group, now mainly tropical, wliich was probably more promi- 
nent in the later Palacowic times than at present The scaly hairs, 
or raraenta, which clothe every part of the plants are also like those 
of Ferns. 

It is not likely that the characters in which the Bennettiteae 
resemble the Ferns came to them directly from ancestors belonging 
to that class ; an extensive group of Seed-plants, the Pteridospermeae, 
existed iti Palaeozoic times and bear evident marks of afiitiity with 
the Fen) phylum. The fem-like cliaracters so remarkably persistent 
in the highly organised Cycadophyta of the Mesozoic were in all 
likelihood derived through the Pteridos|H3rms, plants which show an 
unmistakable approach to the cycadophytic type. 

The family Bennettiteae thus presents an extraordinary association 
of characters, exhibiting, side by side, features which belong to the 
Angiospenns, the Gymnospenns and the Ferns. 

ii. Ori{fifi of Seedplanis. 

Tlie general relation of the gyninosi^emious Seed-plants to the 
Higher Cryptogamia was cleared up, independently of fossil evidence, 
by the brilliant r^earches of Hofineistcr, dating from tlic middle 
of the past century’. Ho showed that **the embryo-sac of the 
Coniferae may be looked upon as a spore remaining enclosed in 
its s|K>rangium ; the prothallium which it forms does not come to 
the light^."" lie thus doterniiiied the homologies on the female side. 
Recognising, as some previous observers had already done, that the 
microspores of those Cryptogams in which two kinds of sjjore are 
develoijcd, are equivalent to the pollen-gmiiis of the higlicr plants, 
he further pointed out that fertilisation ^'in the Rliizocarpeae and 

^ W. Hofi»ei«ter, On the Oerminutipn^ Development and i^*mctijicatian of the Higher 
Cryptogamia^ Uay Society, Loudon, 1862. The origiu&l Gensun treatuo appeared In 
1861, 

* IMd. p, 438. 

n, U 
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Sclaginellae takes place by free spermatozoa, and in the Coniferae 
by a pollen-tube, in the interior of which spermatozoa are probably 
form^” — a remarkable instance of prescience, for though speima- 
tozoids have not been found in the Conifers proper, they were 
demonstrated in the allied groups Cycadaceae and Ginkgo, in 1896, 
by the Japanese botanists Ikeno and Hirase. A new link was thus 
established between the Gymnosperms and the Cryptogams. 

It remained uncertain, however, from which lino of Cryptogams 
the gymnospcrmous Seed-plants -had sprung. The great point of 
morpWogical comparison was the pre.sence of two kinds of spore, 
and this was known to occur in the recent Lycopods and Water-ferns 
(Rhizocarpeao) and was also found in fossil representatives of the 
third phylum, that of the Horsetails. As a matter of fact all the 
three great Cryptogamic classes have found champions to maintain 
their claim to the ancestry of the Seed-plants, and in every case 
fossil evidence was called in. For a long time the Lycopods were 
the favourites, while the Ferns found the least support. The writer 
remembers, however, in the year 1881, hearing the late Prof. Sachs 
maintain, in a lecture to his class, that the descent of the Cycads 
could be traced, not merely from Ferns, but from a definite family of 
Fenis, the Marattiaceac, a view which, though in a somewhat crude 
form, auticii>atcd more modern ideas. 

Williamson appears to have been the first to recognise the 
presence, in the Carboniferous flora, of plants combining the charac- 
ters of Ferns and Cycads*. This conclusion was first reached in the 
case of the genera Hetcrangium and Lygiiiodendron, plants, which 
with a wholly fem-like habit, were found to unite an anatomical 
structure holding the balance between that of Ferns and Cycads, 
Hetcrangium inclining more to the former and Lygiiiodendron to the 
latter. Later researches placed Williameon’s original suggestion on 
a firmer basis, and clearly proved the intermediate nature of these 
genera, and of a number of others, so far as their vegetative organs 
were conocnied Tliis stage in onr knowledge was marked by the 
institution of tlic class Cycadofiliccs by Potoni<i in 1897. 

Nothing, however, was known of the organs of reproduction of 
tJic Cycadofiliccs, until F. W. Oliver, in 1908, identified a fossil 
seed, Lagenostoma Lomaxt, as belonging to Lygiiiodendron, the 
identification depending, in the first instance, on the recognition 
of an identical form of gland, of very characteristic structure, on the 
vegetative organs of Lyginodendron and on the cupule enveloping 
the seed. This evidence was supported by the discovery of a close 
anatomical agreement in other respects, as well as by constant 

’ Sw o«p«ciaUy hh ** Organisation of thoFosail Plants of tho Coal-Heaaurti/* Part utt. 
PhiL Tram. Peyat Soc. 1887, a* p- 290* 
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association between the seed and the plant*. The structure of the 
seed of Lyginodendron, proved to be of the same general typo as 
that of the Cj’cads, as shown csi)eciaHy by the presence of a pollen- 
chamber or special cavity for the reception of the pollen-grains, an 
organ only known in the Cycads and Ginkgo among recent plants. 

Within a few months after the discovery of the seed of Lygino- 
dendron, Kidston found the large, nut-liko seed of a Neuropteris, 
another fem-like Carboniferous plant, in actual connection with tlic 
pinnules of the frond, and since then seeds have been observed on 
the frond in species of Aneimites and Pccoptcris, and a vast body 
of evidence, direct or indirect, has accumulated, showing that a largo 
proportion of the Palaeozoic plants fonnerly classed as Ferns w’crc in 
reality rciiroduccd by seccls of the same tji>c as those of recent 
Cycadaccae*. At the same time, the anatomical structure, where it 
is open to investigation, oonfinns the suggestion given by the habit, 
and sliows that these early seed-bearing plants had a real affinity 
with Ferns. Tliis conclusion received strong corroboration when 
Kidston, in 1905, discovei'cd the male organs of Lyginodcudron, and 
show’cd that they were identical with a fructification of the genus 
Crossotheca, hitherto regarded as belonging to Marattiaceous Ferns* 
The general conclusion which follows from the various obser- 
vations alluded to, is that in Palaeozoic times there was a great 
body of plants (including, as it appears, a large majority of the 
fossils previously regarded as Ferns) which had attained the rank of 
Spermophyta, bearing seeds of a Cycadean type on fronds scarcely 
differing from the vegetative foliage, and in other respects, namely 
anatomy, habit and the structure of tlic pollen-bearing organs, re- 
taining many of the characters of Ferns. From this extensive class 
of plants, to which the name Ptcridospenneae has been given, it 
can scarcely be doubted that the abundant C>'cadophyta, of the 
succeeding Mesozoic i>criod, were derived This conclusion is of 
far-reaching significance, for we have already found reason to think 
that the Angiospenns tlicmsclvcs sprang, in later times, from the 
(Jj'cadophytic stock ; it thus api>cars that the Fem-phylum, taken in 
a broad sense, ultimately represents the source from which the main 
lino of descent of the Phanerogams took its rise. 

It must further be borne in mind that in the Palaeozoic i>criod 
there existed another group of socd-bcaring plants, the Oordaiteac, 

* F, W, Olivcir ftpd D* Sooti, ‘*00 Ihc Slrtielurc ol U10 FftlAOOtoio Scodi 

Lofinaxi, etc/’ Phil, Ttan$. Poyol b. 1904. 

* A nQuimftiy of Iho ovidcnco be fouod In tbe writer’* artiolo *^On tbo pre*e 0 t 

posQtion of Falaeo^^to BoUny,*’ Pr^yrt$tu$ Rti Botanical t 1907, J>- 139. wad in 

pQuit Bewny, Vol. u. (9nd edit.) London, 1909, 

* Kidd con. On the MicroepoTOugiii of tbo Fteridoopemicae, tUP Phih Xmm. 

Sqc. VoL m , ». im, 
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far more advaiiccU than the PterKlospcrmcao, and in many rcapccts 
approaching the Coniferae, which thcmselvca begin to appear in the 
latest Palaeozoic rocks. The Coixlaitcac, while wholly different in 
habit from the contemporary fem-like Seed-plants, show unmis- 
takable signs of a common origin with them. Xot only is there 
a whole scries of forms connecting the anatomical structure of the 
Cordaitcac with that of the Lyginodendreae among Pteridosperms, 
but a still more important point is that the seeds of the Cordaitcac, 
which have long been known, arc of the same CSj'cadcan typo as those 
of the Pteridosperms, so that it is not always posable, as yet, to 
discriminate b^wcen the seeds of the two groui)s. Tlicsc facts 
indicate that the same fern-like stock which gave rise to the Cycado* 
phyta and through them, as api>car6 probable, to tJic Anposixsnns, 
was also the source of the Oordaiteae, which in their tuim sJiow 
manifest affinity witli some at least of the Coniferae. Unless the 
latter arc an artificial group, a view which docs not commend itself 
to the writer, it would apiKsar probable tliat the Gjunnosperms 
generally, as well as the Angiosperms, were denved from an ancient 
race of Cryptogams, most nearly related to the Ferns ^ 

It may be mentioned here that the small gymnospermous 
group Gnctalcs (inehtding the extraordinary West African plant 
Welwitscliia) which were formerly regarded by some authorities 
as akin to the Eqnisetales, have recently been referred, on better 
grounds, to a common origin with the Angiosi>crms, from the 
Mesozoic Cycadophyta. 

The tendency, therefore, of motlcm work on the palaeontological 
record of the Seed-plants has been to exalt the importance of the 
Fem-phylum, which, on present evidence, appears to be that from 
which the great majority, possibly the whole, of the Spermophyta 
have boon derived. 

One woixl of cantion, however, is necessai^’. The Seed-plants 
are of enormous antiquity ; botii the Pteridosperms and tlie more 
highly oigaiiiswl family Cordaitcac, go back as far in goolo^cal 
history (namely to the Devonian) as the Ferns themselves or any 
other Vascular Cryptogams It must' therefore be understood that 
in speaking of the derivation of the Sixsrmophyta from the Fem- 
phylum, wo refer to that ])hylum at a very early stage, probably 
earlier than the most ancient period to wliich our record of land- 
plants extends. The affinity between the oldest Seed-plants and tho 
Ferns, in the widest sense, seems established, but the common stock 
from which they actually arose is still unknown ; though no doubt 

^ Some bot^E^Uu, however^ believe tb«t the Contfentov or «ome of tbemp lure i>TobAbty 
more rcS^ted to the L>xopodf* See Be ward end Ford, The Amueorieae, Beeent 
and El line!/' PAih ZVon/- Voh 196^ e. 190^. 
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nearer to the Ferns than to any other group, it muet have differed 
widely from the Ferns as we now know them, or perhaps even from 
any which the fossil record has yet revealed to us. 

iii. The Origm of the Higher Cryptogamia. 

The Sub-kingdom of the higher Spore-plants, the Cryptogamia 
possessing a vascular system, was more prominent in early geological 
periods than at present. It is true that the dominance of the Pteri* 
dophyta in Palaeozoic times has been much exaggerated owing to 
the assumption that everything which looked like a Fern really w^as 
a Fern. But, allowing for the fact, now established, that most of the 
Palaeozoic fera-like plants were already Spermophyta, there remains 
a vast mass of Cryptogamic forms of that period, and the feimiliar 
statement that they formed the main constituent of the Coal-forests 
still holds good. The three classes, Ferns (Filicales), Horsetails 
(Equisetales) and Club-mosses (Lycopodiales), under which we now 
group the Vascular Cryptogams, aU extend back in geological history 
as far as we have any record of the flora of the land ; in the Palaeo- 
zoic, however, a fourth class, the Sphenophyllales, was present. 

As regards the early history of the Ferns, which are of special 
interest from their relation to the Seed-plants, it is impossible to 
speak quite positively, owing to the difficulty of discriminating 
between true fossil Ferns and the Pteridoeperms which so closely 
simulated them. The difficulty especially affects the question of the 
position of Marattiaccous Ferns in the Palaeozoic Floras* This 
femily, now so restricted, was until recently believed to have been 
one of the most important groups of Palaeozoic plants, especially 
during later Carboniferous and Permian times. Evidence both from 
anatomy and from sporangial characters appeared to establish this 
conclusion. Of late, however, doubts have arisen, owing to the 
discovery that some siipx>osed members of the Marattiaceae bore 
seeds, and that a form of fructification previously referred to that 
family (Crossotheca) was really the pollen-bearing apparatus of a 
PteridospeiTO (Lyginodendron)* The question presents much diffi- 
culty ; though it seems certain that our ideas of the extent of the 
family in Palaeozoic times will have to be restricted, there is still a 
decided balance of evidence in fiivour of the view that a considerable 
body of Marattiaccous Ferns actually existed. The plants in question 
were of large size (often arborescent) and highly organised — they 
represent, in feet, one of the highest developments of the Fern-stock, 
mther than a primitive type of the class* 

Tljere was, however, in the Palaeozoic period, a considerable 
group of comparatively simple Ferns (for which Arber has proposed 
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the collective name Primofilices) ; the best known of these are 
referred to the family Botr)'opterideae, consisting of plants of small 
or moderate dimensions, with, on the whole, a simple anatomical 
stnicture, in certain cases actually simpler than that of any recent 
Ferns. On the other hand the sporangia of these plants were usually 
borne on special fertile fronds, a mark of rather high differentiation. 
This group goes back to the Devonian and includes some of the 
earliest types of Fern with which we are acquainted. It is probable 
that the Primofilices (though not the particular family Botryopte- 
rideae) represent the stock from which the various families of modern 
Ferns, already developed in the Mesozoic period, may have sprung. 

None of the early Ferns show any clear approach to other classes 
of Vascular Cryptogams ; so far as the fossil record affords any 
evidence, Ferns have always been plants with relatively large and 
usually compound leaves. There is no indication of their derivation 
from a microphyllous ancestry, though, as we shall see, there is some 
slight evidence for the converse hypothesis. Whatever the origin of 
the Ferns may have been it is hidden in the older rocks. 

It has, however, been held that certain other Cryptogamic phyla 
had a common origin with the Ferns. The Equisetales are at present 
a well-defined group ; even in the rich Palaeozoic floras the habit, 
anatomy and reproductive characters usually render the members of 
this class unmistakable, in spite of the great development and stature 
which they then attained. It is interesting, however, to find that in 
the oldest known representatives of the Equisetales the leaves were 
highly developed and dichotomously divided, thus differing greatly 
from the mere scale-leaves of the recent Horsetails, or even from the 
simple linear leaves of the later Calamitea The early members of 
the class, in their forked leaves, and in anatomical characters, show 
an approximation to the Sphenophyllales, which are chiefly repre- 
sented by the large genus Sphcnophyllum, ranging through the 
Palaeozoic from the Middle Devonian onwards. These were plants 
with rather slender, ribbed stems, bearing whorls of wedge-shaped 
or deeply forked leaves, six being the typical number in each w’horl. 
From their weak habit it has been conjectured, with much proba- 
bility, that they may have been climbing plants, like the scrambling 
Bedstraws of our hedgerows. The anatomy of the stem is simple and 
root-like ; the cones are remarkable for the fact that each scale or 
sporophyll is a double structure, consisting of a lower, usually sterile 
lobe and one or more upper lobes bearing the sporangia; in one 
species both parts of the sporophyll were fertile. Sphcnophyllum 
was evidently much specialised ; the only other known genus is based 
on an isolated cone, Cheirostrobus, of Lower Carboniferous age, with 
an extraordinarily complex structure. In this genus especially, but 
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also in the entire group, there is an evident relation to the Equisetales ; 
hence it is of great interest that Nathorst has described, from the 
Devonian of Bear Island in the Arctic regions, a new genus Pseudo- 
bomia, consisting of large plants, remarkable for their highly com- 
pound leaves which, when found detached, were taken for the fronds 
of a Fern. The whorled arrangement of the leaves, and the habit 
of the plant, surest affinities either with the Equisetales or the 
Sphenophyllales; Nathorst makes the genus the tyi>e of a new class, 
the Pseudoboniialcs^ 

The available data, though still very fragmentary, certainly surest 
that both Equisetales and Sphenophyllales may have sprung from a 
common stock having certain fern -like charactera On the other hand 
the Sphenophylls, and especially the peculiar genus Cheirostrobus, 
have in their anatomy a good deal in common with the Lycopods, 
and of late years they have been regarded as the derivatives of 
a stock common to that class and the Equisetales. At any rate the 
characters of the Sphenophyllales and of the new group Pseud^ 
boniiales suggest the existence, at a very early period, of a synthetic 
race of plants, combining the characters of various phyla of the Vascular 
Cryptogams. It may further be mentioned that the Psilotaceae, an 
isolated epiphytic family hitherto referred to the Lycopods, have 
been regarded by several recent authors as the last survivors of the 
Sphenophyllales, which they resemble both in their anatomy and in 
the position of their sporangia. 

The Lycopods, so far as their early history is known, are remark- 
able rather for their high development in Palaeozoic times than for 
any indications of a more primitive ancestry. In tlie recent Flora, 
two of the four living genera* (Selaginella and Isoetes) have spores 
of two kinds, while the other two (Lycopodium and Phylloglossum) 
arc homosijorous. Curiously enough, no certain instance of a homo- 
sporous Palaeozoic Lycopod has yet been discovered, though well- 
preserved fructifications are numerous. Wherever the facts have 
been definitely ascertained, we find two kinds of spore, differentiated 
quite as sharply as in any living members of the group. Some of 
the Palaeozoic Lycopods, in fact, went further, and produced bodies 
of the nature of seeds, some of which were actually regarded, for 
many years, as the seeds of Gymnosperms. This specially advanced 
fonn of fructification goes back at least as far as the Lower Carboni- 
ferous, while the oldest known genus of Lycopods, Bothrodendron, 
which is found in the Devonian, though not seed-bearing, was typically 
heterosporous, if we maj' judge from the Coal-measure species. No 

1 A. G. Nathorst, “Zar ObordevoniBchen Flora der Baren-Insel,” Kmigl. Sveruka 
VeUn«kapt-AkatIemiem Handlingarf Bd, 3G, Ko. 3, Stockholm, 1002. 

3 Excluding Psilotaceae. 
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xloubt homosporous Lycopods existed, but the great prevalence of 
the higher mode of reproduction m days which to us appear ancient, 
shows how long a course of evolution must have already been i>assed 
through before the oldest known members of the group came into 
being. The other characters of the Palaeozoic Lycopods tell the 
same tale; most of them attained the stature of trees, with a 
corresponding elaboration of anatomical structure, and even the 
herbaceous forms show no special simplicity. It appears from recent 
work that herbaceous Lycopods, indistinguishable from our recent 
Sclaginellafl, already existed in the time of the Coal-measnres, while 
one herbaceous form (Miadesmia) is knomi to have borne seeds. 

The utmost that can be said for primitiveiiess of character in 
Palaeozoic Lycopods is that the anatomy of the stem, in its primary 
ground-plan, as distinguished from its secondary growth, was simpler 
than that of most Lycopodiums and Selaginellas at the present 
day. There are also some peculiarities in the underground organs 
(Stigmaria) which suggest the possibility of a somewhat imperfect 
dilferentiatioii between root and stem, but precisely parallel difficulties 
are met with in the case of the living Selaginellas, and in some degree 
in species of Lycoi>odium* 

In spite of their high development in past ages the Lycopods, 
recent and fossil, constitute, on the whole, a homogeneous group, 
and there is little at present to connect them with other phyla. 
Anatomically some relation to the Sphenophylls is indicated, and 
perhaps the recent Psilotaceae give some support to this coimection, 
for while their nearest alliance appears to be witli the Sphenophylls, 
they approach the Lycopods in anatomy, habit, and mode of branching. 

The typically microphyllous character of the Lycopods, and the 
simple relation between sporangium and sporophyll which obtains 
throughout the class, have led various botanists to regard them as 
the most primitive phylum of the Vascular Cryptogama There is 
nothing in the fossil record to disprove this view, but neither is there 
anything to support it, for this class so far as we know is no more 
ancient than the megaphyllous Cryptogams, and its earliest repre- 
sentatives show no special shnplicity. If the indications of affinity 
with Sphenophylls are of any value the Lycopods are open to sus- 
picion of reduction from a megaplijllous ancestry, but there is no 
direct palaeontological evidence for such a history. 

The general conelusions to which we are led by a consideration 
of the fossil record of the Vascular Cryptogams are still very liypo- 
thetical, but may be provisionally stated as follows : 

The Ferns go hack to the earliest known period. In Mesozoic 
times practically all the existing families had appeared; in the 
Palaeozoic the class was less extensive than formerly believed, a 
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majority of the supposed Ferns of that age having proved to be seed- 
bearing plants. The oldest authentic representatives of the Ferns 
were megaphyllous plants, broadly speaking, of the same type as 
those of later epoclis, though differing much in detail As far back 
as the record extends they show no sign of becoming merged with 
other phyla in any synthetic group. 

The Equisetales likewise have a long history, and manifestly 
attained their greatest development in Palaeozoic times. Their 
oldest forms show an approach to the extinct class Sphenophyllales, 
which connects them to some extent, by anatomical characters, with 
the Lycopods. At the same time the oldest Equisetales show' a 
somewhat megaphyllous character, which was more marked in the 
Devonian Pseudobomiales. Some remote affinity with the Ferns 
(w'hich has also been upheld on other grounds) may thus be indicated. 
It is possible that in the Sphenophyllales we may have the much- 
modified representatives of a verj' ancient synthetic gi'oup. 

The Lycopods likewise attained their maximum in the Palaeozoic, 
and show, on the whole, a greater elaboration of structure in their 
early forms than at any later period, while at the same time maintain- 
ing a considerable degree of uniformity in morphological characters 
throughout their history. The Sphenophyllales are the only other 
class with which they show any relation ; if such a connection existed, 
the common point of origin must lie exceedingly far back. 

The fossil record, as at present known, cannot, in the nature of 
things, throw any direct light on what is perhaps the most disputed 
question in the morphology of plants — the origin of the alteniating 
generations of the higher Cryptogams and the Spermophyta. At the 
earliest period to which terrestrial plants have been traced back all 
the groups of Vascular Cryptogams w'ere in a highly advanced stage 
of evolution, while innumerable Seed-plants — presumably the descend- 
ants of Cryptogamic ancestors — were already flourishing. On the 
other hand we know practically nothing of Palaeozoic Bryophyta, 
and the evidence even for their existence at that jjeriod cannot be 
termed conclusive. ViTiile there are thus no jjalaeontological grounds 
for the hypothesis that the Vascular plants came of a Bryophytie 
stock, the question of their actual origin remains unsolved. 

III. Natural Selection. 

Hitherto we have considered the palaeontological record of 
plants in relation to Evolution. Tlie question remains, whether 
the record throws any light on the theory of which Darwin and 
Wallace were the authors— that of Natural Selection. The subject 
is clearly one which must be investigated by other methods than 
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those of the palaeontologist ; still there are certain important points 
involved, on which the palaeontological record appears to bear. 

One of these points is the supposed distinction between morpho- 
logical and adaptive characters, on which NSgeli, in particular, laid 
so much stress. The question is a difficult one ; it was discussed by 
Darwin’, who, while showing that the apparent distinction is in part 
to be explained by our imperfect knowledge of function, recognised 
the existence of important morphological characters which are not 
adaptations. The following passage expresses his conclusion. “Thus, 
as I am inclined to believe, morphological differences, which we 
consider as important — such as the arrangement of the leaves, the 
divisions of the flower or of the ovarium, the position of the ovules, 
etc. — first appeared in many cases as fluctuating variations, which 
sooner or later became constant througli the nature of the organism 
and of the surrounding conditions, as well as through the inter- 
crossing of distinct indiriduals, but not through natural selection ; 
for as these morphological characters do not affect the welfare of the 
species, any slight deviations in them could not have been governed 
or accumulated through this latter agency*” 

This is a sufficiently liberal concession; Nageli, however, went 
much further when he said; “I do not know among plants a morpho- 
logical moilification which can be explained on utilitarian principles*." 
If this were true the field of Natural Selection would be so seriously 
restricted, as to leave the theory only a very limited importance. 

It can be shown, as the writer believes, that many typical 
“ morphological characters,” on which the distinction between great 
classes of plants is based, were adaptive in origin, and even that 
their constancy is due to their fiinctional importance. Only one 
or two cases will be mentioned, where the fossil evidence affects the 
question. 

The pollen-tube is one of the most important morpliolo^cal 
characters of the Spermophyta as now existing — in fact the name 
Siphonogama is used by Englcr in his classification, as expres-sing 
a peculiarly constant character of the Seed-plants. Yet the jKillen- 
tube is a manifest adaptation, following on the adoption of the 
seed-habit, and serving first to bring the spermatozoids with greater 
precision to their goal, and ultimately to relieve them of the necessity 
for independent movement. Tlie pollen-tube is constant because it 
has proved to be indispensable. 

In the Palaeozoic Seed-plants there are a number of instances 
in which the pollen-grains, contained in the pollen-chamber of a 
seed, are so beautifully preserved that the presence of a group of 

^ of {6th pp. 170-^176. ^ p> 176* 

* See Mott YoL ii. p, 375 {footnote}* 
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cells within tlie grain can be demonstrated ; sometimes we can even 
see how the cell-walls broke clown to emit the sperms, and quite 
lately it is said that the sperms themselves have been recogniaed^ 
In no case, liowever, is there as yet any satisfaetoiy evidence for the 
formation of a pollen-tube ; it is probable that in these early Seed- 
plants the pollen-grains remained at about the evolutionary level 
of the microspores in Pilnlaria or Selaginclla, and discharged their 
spermatozoids directly, leaving them to find their own way to the 
female cells. It thus appears that there were once Spermopbyta 
without pollen-tubes. The pollen-tube method ultimately prevailed, 
becoming a constant ^‘morphological character, for no other 
reason than because, under the new conditions, it provided a more 
perfect mechanism for the accomplishment of the act of fertilisation. 
We have still, in the Cycmife and Ginkgo, the transitional case, where 
the tube remains short, serves mainly as an anchor and water- 
reservoir, but yet is able, by its slight growth, to give the epermato- 
zoids a “lift” in the right direction. In other Seed-plants the sperms 
are mere passengers, carried all the way by the pollen-tube ; this 
fket has alone rendered the Angiospermous method of fertilisation 
through a stigma possible. 

We may next take the seed itself— the very type of a morphological 
character. Our fossil record does not go far enough back to tell us 
the origin of the seed in the Cycadophyta and Pteridosperms (the 
main line of its development) but some interesting sidelights may 
be obtained from the Lycopod phylum. In two Palaeozoic genem, 
as we have seen, seed-like organs are known to have been developed, 
resembling true seeds in the presence of an integument and of a 
single functional embryo-sac, as well as in some other points. We 
will call these organs “seeds” for the sake of shortness. In one 
genus (Lepidocarpon) the seeds were borne on a cone indistinguish- 
able from that of the ordinary cryptogamic Lepidodendreae, the 
typical Lycopods of the period, while the seed itself retained much 
of the detailed structure of the sporangium of that family. In the 
second genus, Miadesmia, the seed-bearing plant was herbaceous, 
and much like a recent Selaginella®. The seeds of the two genera 
are differently constructed, and evidently had an independent origin. 
Here, then, we have seeds arising casually, as it were, at different 
points among plants which otherwise retain all the characters of their 
cryptogamic fellows; the seed is not yet a morphological character 
of importance. To suppose that in these isolated cases the seed 

1 F. W. Oliver, **On an arebaio of seed from the Palaeozoic 

Bocks,” 0 / Jauoary, ISOS* See aleo the earlier papers there cited. 

^ See Margaret Benson, *^Miad€9nia ttuTiibramcmt a new Palaeozoic Lycopod with a 
ieeddike Htrnotare,” PAfi. a^mwe. Royal $oe* Vol. 1$9, b* 1908. 
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sprang into being in obedience to a tiaw of Advance (^^Vervollkom- 
mungBprincip”X from which other contemporary Lycopoda were ex- 
emptj involves us in unnecessary mysticism. On the other hand it 
is not difficult to see how these seeds may have arisen, as adaptive 
structures, under the influence of Natural Selection. The seeddike 
structure afforded protection to the prothallus, and may have enabled 
the embryo to be launched on the world in greater security. There 
was further, as we may suppose, a gain in certainty of fertilisation. 
As the writer has pointed out elsewhere, the chances against the 
necessary association of the small male with the large female spores 
must have been enormously great when the cones were borne high 
up on tall trees. The same difficulty may have existed in the case 
of the herbaceous Miadesmia, if, as Miss Benson conjectures, it was 
an epiphyta One way of solving the problem was for pollination 
to take place while the megaspore was still on the i>arent plant, and 
this is just what the formation of an ovule or seed was likely to 
secure. 

The seeds of the Ptcridosperms, unlike those of tlie Lycopod 
stock, have not yet been found in stoMi nasce^idi — ^in all known 
cases they were already highly developed organs and far removed 
from the crytogamic sporangium. But in two respects we find that 
these seeds, or some of them, had not yet realised their possibUiti^. 
In the seed of Lyginodendron and other cases the micropyle, or 
orifice of the integument, was not tlie passage through which the 
pollen entered ; the open neck of the poUen-chamber protruded 
through the micropyle and itself received the pollen. We have met 
with an analogous case, at a more advanced stage of evolution, in 
the Bennettiteae (p, 208 ), where the wall of the gjnaecium, though 
otherwise closed, did not provide a stigma to catch the pollen, but 
allowed the micropyles of the ovules to protrude and receive the 
pollen in the old gymnospermous fashion. Tlie integument in the 
one case and the pistil in the other had not yet assumed all the 
functions to which the organ ultimately became adapted. Again, 
no Palaeozoic seed has yet been found to contain an embryo, though 
the preservation is often good enough for it to have been recognised 
if present. It is probable that the nursing of the embrjo had not 
yet come to be one of the functions of the seed, and that the whole 
embryonic development was relegated to the germination stage. 

In these two points, the reception of the pollen by the micropyle 
and the nursing of the embryo, it appears that many Palaeozoic seeds 
were imperfect, as compared with the tj7>ical seeds of later tim^. 
As evolution went on, one function was supemdded on another, and 
it appears impossible to resist the conclusion that the whole differen- 
tiation of the seed was a process of adaptation, and consequently 
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governed by Natural Selection, just as much as the specialisation of 
the rostellum in an Orchid, or of the pappus in a Composite, 

Did space allow, other examples might be added* We may 
venture to maintain that the glimpses which the fossil record allows 
us into early stages in the evolution of organs now of high systematic 
importance, by no means justify the belief in any essential distinction 
between morphological and adaptive characters* 

Another point, closely connected with Darwin's theory, on which 
the fossO history of plants has been supposed to have some bearing, 
is the question of Mutation, as opposed to indefinite variation, 
Arber and Parkin, in their interesting memoir on the Orf^n of 
Angiospcrms, have suggested calling in Mutation to explain the ap- 
j)arentlj sudden transition from tlie cycadean to the angiospermous 
type of foliage, in late Mesozoic times, though they express themselves 
with much caution, and point out a distinct danger that Mutation 
may become the last resort of the phylogenetically destitute ” ! 

The distiiiguishedFrench j>alaeobotanists, Grand'Eury ^and Zeiller 
are of opinion, to quote the words of the latter writer, that the facts 
of fossil Botany are in agreement with the sudden appearance of 
new forms, differing by marked characters from those that have given 
them birth; he adds that these results give more amplitude to this 
idea of Mutation, extending it to groups of a higher order, and even 
revealing the existence of discontinuous series between the suc- 
cessive terms of which we yet recognise bonds of filiation®. 

If Zeiller's opinion should be confirmed, it would no doubt be a 
serious blow to the Darwinian theory. As Darwin said: “Under a 
scientific point of view, and as leading to further investigation, but 
little advantage is gained by believing that new forms are suddenly 
developed in an inexplicable manner from old and widely different 
forms, over the old belief in the creation of species from the dust of 
the earth 

It must however be pointed out, that such mutations as filler, 
and to some extent Arber and Parkin, appear to have in view, bridging 
the gulf betw'^een different Orders and Classes, bear no relation to 
any mutations which have been actually observed, such as the com- 
pai'atively emaU changes, of sub-specific value, described by De Vries 
in the type-case of Omothera LamareJdama, The results of palaeo- 
botanical reseai^ch have uodonbtedly tended to fill up gaps in the 
Natural System of plants — that many such gaps stiU persist is not 

^ C. Grand'Euiy, **Sur lea mutations de quclques Plantes fossilesdu Terrain houiller,’* 
Comptes RenduSj CXLU* p. 25^ 19(16, 

® B, Zeilier, “Les V^g^taux fossUea et leurs Enchainemente,** in, 

February, 1907* 

® c iL p, 23, * Origin of Species ^ p, 424, 
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surprising ; their presence may well serve as an incentive to jEurther 
research but does not, as it seems to the writer, justify the assump- 
tion of changes in the past, wholly without analogy among living 
organisms 

As regards the succession of species, there are no greater au- 
thorities than Grand’Eury and Zeiller, and great weight must be 
attached to their opinion that the evidence from continuous deposits 
favours a somewhat sudden change from one specific form to another. 
At the same time it will be well to bear in mind that the subject of the 
^^absence of numerous intermediate varieties in any single fonnation” 
was fully discussed by Darwin^ ; the explanation which he gave may 
go a long w^ay to account for the facte which recent writers have 
regarded as favouring the theory of saltatory mutatioiL 

The rapid sketch given in the present essay can do no more than 
call attention to a few salient points, in which the palaeontological 
records of plants has an evident bearing on tlie Darwinian theory. 
At the present day the whole subject of palaeobotany is a study in 
evolution, and derives its chief inspiration from the ideas of Darwin 
and Wallace. In return it contributes something to the verification of 
their teaching ; the recent progress of the subject, in spite of the 
immense difficulties which still remain, has added fresh force to 
Darwiifs statement that *Hhe great leading facts in palaeoiitology 
agree admirably ^vith the theory of descent with modification through 
variation and natural selection^/' 

* Origin ofBpecient pp. 275 — 282, and p* 312. ^ Ibid. p. 313, 
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THE INFLITENCE OF ENVIRONMENT ON THE 
FORMS OP PLANTS 

By Georg Klbbs, Ph.D. 

Professor of Botany in the University of Heidelberg, 

The dependence of plants on their environment became the object 
of scientiflc research when the phenomena of life were first investi- 
gated and physiology took its place as a special branch of science. 
This occurred in the course of the eighteenth century as the result 
of the pioneer work of Hales, Hohamel, Ingenhousz, Senebier and 
others. In the nineteenth century, particularly in the second half, 
physiology experienced an unprecedented development in that it 
began to concern itself with the experimental study of nutrition 
and growth, and with the phenomena associated with stimulus and 
movement ; on the other hand, physiology neglected phenomena 
connected with the production of form, a department of knowledge 
which was the province of morphology, a purely descriptive science. 
It was in the middle of the last centuxy that the growth of com- 
parative morphology and the study of phases of development reached 
their highest point. 

The forms of plants appeared to be the expression of their in- 
scrutable inner nature; tlie stages passed through in the development 
of the individual were regarded as the outcome of purely internal 
and hidden laws. Tlie feasibility of experimental inquiry seemed 
therefore remote. Meanwhile, the recognition of the great im- 
portance of such a causal morphology emerged fi'om the researches 
of the physiologists of that time, more especially from those of 
Hoftneister’, and afterwards from the work of Sachs®, Hofineister, 
in speaking of this line of inquiry, described it as “the most pressing 
and immediate aim of the investigator to discover to what extent 
external forces acting on the organism are of importance in deter- 
mining its fonii,*^ This advance was the outcome of the infiueiiee of 

1 Hc^fmeifiter, Allgenteine Morphologiej Leipzig » 1868 » p, 678, 

^ StoJJ^ und Form FJtanzemrgane^ Vol, i. 1830; Yol, if, 1882, GesammelU 

Abhandlungen itter F^fUmzen^PhgsiQlogUj ii, Leipzig, 189 B, 
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that potent force in biology which was created by Darwin^s Origin 
of Species (1859), 

The significance of the splendid conception of the transformation 
of species was first recognised and discussed by Lamarck (1809); as 
an explanation of transformation he at once seized upon the idea — an 
intelligible view — that the external world is the determining factor. 
Lamarck^ endeavoured, more especially, to demonstrate from the 
behaviour of plants that changes in environment induce change 
in form which eventually leads to the production of new species. 
In the case of animals, Lamarck adopted the teleological view that 
alterations in the environment first lead to alterations in the needs 
of the organisms, which, as the result of a kind of conscious effort 
of will, induce useful modifications and even the development of new 
organs. His work has not exercised any influence on the progress 
of science : Darwin himself confessed in regard to Lamarck's work 
— got not a fact or idea from itV* 

On a mass of incomparably richer and more essential data Darwin 
based his view of the descent of organisms and gained for it general 
acceptance; as an explanation of modification he elaborated the 
ingeniously conceived selection theory, Tlie question of special 
interest in this connection, namely what is the importance of the 
influence of the environment, Darwin always answered with some 
hesitation and caution, indeed with a certain amount of indecision. 
The fundamental principle underlying his theory is that of general 
variability as a whole, the nature and extent of which, esi>6cia]ly in 
cultivated organiems, are fully dealt with in his well-known book®. In 
regard to the question as to the cause of variability Darw in adopts a 
consistently mechanical view. He says : ^*These several considerations 
alone render it probable that variability of every kind is directly or 
indirectly caused by changed conditions of life. Or, to put the case 
under another point of view, if it were possible to expose all the 
individuals of a species during many generations to absolutely 
uniform conditions of life, there would be no variability^*' Darwin 
did not draw further conclusions from this general principle. 

Variations produced in organisms by the environment are dis- 
tinguished by Darwin as ^Hhe definite” and 'Hhe indefinite®,” The 
first occur ^Svhen all or nearly all the offspring of an individual 
exposed to certain conditions during several generations are modified 
in the same manner,” Indefinite variation is much more general and a 

* Lamardf. zoohgiquet pp. 223 — 227. Paris, 1809, 

^ Life Letters f YoL ii. p. 215. 

® Barwlu, The variation of Animah ctnd FlanU domeetimtioni 2 toIs., edit, 1, 

1668; edit. 2, 1875; popolar edit. 1905. 

* The variatim of AnivmU a;nd PlanU (2nd edit.), VoL n. p. 242. 

^ Ibid, u. p. 260* See also Origin of Species (6th edit.), p. 6. 
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more important factor in the prmluction of new species; as a result 
of this, single individuals arc distinguished from one another by 
“slight" differences, first in one then in auotlicr character. There 
may also occur, though this is very rare, more marked modifications, 
“variations which seem to us in our ignorance to arise spon- 
taneously The selection theory demands the further postulate 
that such changes, “whether extremely slight or strongly marked,” 
are inherited. Darwin was no nearer to an experimental proof of 
this afsumption than to the discovery of the acUial cause of varia- 
bility. It was not until the later years of Ids life that Darwin was 
occupied with the "iicrjdcxing problem... what causes almost every 
cultivated plant to vary*”; lie began to make experiments oji the 
influence of the soil, but. these were soon given up. 

In tJie course of the violent oontroversy which was the outcome of 
Darwin's work the fundamental principles of his teaching were not 
advanced by any decisive observations. Among tbc supporters and 
opponents, Nageli* was one of the few who sought to obtain proofs 
by exiKsrimental methods. Ilis extensive cultural experiments with 
alpine Hiemcia led him to form the opinion that the changes which 
are induced by an alteration in the food-supply, in climate or in 
habitat, arc not inherite<l and are therefore of no importance from 
the point of view of the production of species. And yet JTHgeli did 
attribute an important influence to the external world; he believed 
that adaptations of plants arise as reactions to continuous stimuli, 
which supply a need and arc therefore useful. These opinions, which 
recall the teleological aspect of J.amarckism, arc entirely unsupported 
by proof, ^^^lilo other far-rcacliiiig attempts at an explanation of the 
theory of descent were formulated both in Nagcli's time and afterwards, 
some in supi»rt of, others i« optwsition to Darwin, the necessity 
of investigating, from different standiwiuts, the underlying causes, 
TOriabilityaiul heredity, was more and more realised. To this category 
belong the statistical investigations undertaken by QueteJet and 
Galton, the researches into hybridisation, to which an imjKitus was 
given by the re discovery of the Mendel ian law of segregation, as 
also by the culture cxjKsrimcnts on mutating species following the 
work of dc Vries, and lastly tJic consideration of the question how 
far variation ami heredity arc governed by external influences. 
Tliese latter problems, which arc concerned in general with tJie 
causc.s of fonn-production and fonn-inodification, may be treated in 
a short summary which falls under two heads, one haring reference 
to the conditions of form-production in single sixjcies, the other 

' Offjm of (6th p* “tSL 

^ Lif4 <ik4 VqL III. p. St?. 

* Tk 40 ti 4 dit Munkb, 1S64; cf* Clwipt*J¥ uu 
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l>eing concerned with the conditions governing the transformation 
of species. 

1* The influence of external conditions on form-production 

IN SINGLE BPECIES, 

The members of plants, which we express by the terms stem, leaf, 
flower, etc. are capable of modification within certain limits; since 
Lamarck*s time this power of modification has been brought more or 
less into relation with the environment. AVe are concerned not only 
with the question of experimental demonstration of this relationship, 
but, more generally, with an examination of the origin of forms, 
the sequences of stages in development that are governed by re- 
cognisable causes. AA^e have to consider the geneml problem ; to 
study the conditions of all typical as well as of atypic forms, in other 
w ords, to found a physiology of fonn* 

If w'e survey the endleBs variety of plant-forms and consider the 
highly complex and still little known processes in the interior of cells, 
and if w^e remember that the whole of this branch of investigation 
came into existence only a few decades ago, we are able to grasp the 
fact that a satisfactory explanation of the factoi's determining form 
cannot be discovered all at once, 'flic goal is still far away. AVe are 
not concerned now w ith the controversial question, whether, on the 
wliole, the fundamental processes in the development of form can 
be recognised by physiological means. A belief in the possibility of 
this can in any case do no Imnn. What we may and must attempt is 
this — to discover points of attack on one side or another, which may 
enable us by means of experimental methods to come into closer 
touch with these elusive and difficult problems. AA^hile we are forced 
to admit that there is at present much that is insoluble there 
remains an inexhaustible supply of problems capable of solution. 

The object of our investigations is the si^ecies; but as regards the 
question, wiiat is a species, science of to-day takes up a imsitiou 
different from that of Darwin. For him it w as the Linncat\ species 
wliich illustrates variation: we now^ kno\v, thanks to the w’ork of 
Jordan, de Bary, and imrticularly to that of de Ar^ries\ that the 
Liniieaii species consists of a large or small number of entities^ 
elementary species. In cxpeiTmeutiil investigation it is essential that 
observations be made on a pure species, or, as Joliannsen® says, 
on a pure liue.^' AA'hat has long been recognised as necessary in 
the investigation of fungi, bacteria and algae must also be in- 
sisted on in the case of fiowering plants; we must start with a 
single individual which is reproduced vegetatively or by strict self- 

^ de VrieJi, DU Leipzig, 1901, VoL i. p. 3S. 

* Johan naen, U^her KrbUchkeit in FofulaliQnen und reinen Lini^n^ Jena, 1903- 
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fertilisation. In dioecious plants vre must aim at the reproduction of 
brothers and sisters. 

We may at the outset take it for granted that a pure species 
remains the same under similar external conditions; it varies as 
these vary. It is charactei'istic of a siiecies that it always exhibits 
a comUmt r^aiion to ajmrticular emironment. In the case of two 
different si>ecies, e.g. the hay and anthrax bacilli or two varieties of 
Campanula with blue and white flowers respectively, a similar environ- 
ment produces a constant difl’erence. Tlie cause of this is a mystery. 

According to the modern standimint, the living cell is a complex 
chemico-physical system which is regarded as a dynamical system of 
equilibrium, a conception su^csted by Herbert SjMncer and which 
has acquired a constantly increasing importance in the light of 
modern developments in physical chemistry. The various chemical 
compounds, proteids, carbohydrates, fats, the whole series of diflerent 
ferments, etc. occur in the cell in a deflnite physical arrangement 
The two systems of two species must as a matter of fact possess a 
constant difference, wMch it is necessary to define by a special term. 
We say, therefore, that the specific sinwtnrs is different 

By way of illustrating this provisionally, we may assume that 
the proteids of the two species possess a constant chemical difference. 
This conception of specific structure is specially important in its 
bearing on a further treatment of the subject In the original cell, 
eventually also in every cell of a plant, the characters which after- 
war<ls become apparent must exist somewhere ; they are integral 
parts of the capabilities or imtentialities of specific structure. Thus 
not only the characters which are exhibited under ordinary conditions 
in nature, but also many others which become apparent only under 
si)ecial conditions^ are to be included as such potentialities in cells; 
the conception of specific structure includes the whole of the poten- 
tialities of a species', specific structure comprises that which we 
must always assume without being able to explain it 

A relatively simple substance, such as oxalate of lime, is known 
under a gi’eat number of different crystalline forms belon^ng to 
difi'erent systems® ; these may occur as single crystals, concretions or 
as concentric sphaerites. Tlic imwer to assume this variety of form 
is in some way inherent in the molecular structure, though we cannot, 
even in this case, explain the iiecessary connection between structure 

^ In tliiB connection 1 le&ve out of account, m before, the idea of matonal carrieire of 
heredity which einco the publication of Batwin*e PangcnealB bypotheeis hoB hocn frequently 
«yegt3ted* See my remarks in “ Variations u dor Bltiten,” Jahrb. Win. Bot. 

1905, p, 299; alBo Detto, BioL C^ntratbL 1907, p, 91, *‘i)lo ErkllTbarkcit der Ontogeneae 
dnreh materielle Anlagen/' 

^ Compare Kobre w'oik on Anatomuch^hift, Untermichmgen Ub<r KMtaUCf olc^ 
Marburg, 1999, 

15— a 
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and crystalline form. These potentialities can only become operative 
under the influence of external conditions; their stimulation into 
activity depends on the degree of concentration of the various solu- 
tions, on the nature of the particular calcium salt, on the acid or 
alkaline reactions. Broadly speaking, the plant cell behaves in a 
similar way. The manifestation of each form, which is inherent as 
a potentiality in the specific structure, is ultimately to be referred to 
external conditions. 

An insight into this connection is, however, rendered exceedingly 
difficult, often quite impossible, b^use the environment never 
directly calls into action the potentialities. Its infiuence is exerted 
on what we may call the inner world of the organism, the importance 
of which increases with the degree of differentiation. Hie production 
of form in every plant depends upon processes in the interior of 
the cells, and the nature of these determines which among the possible 
characters is to be brought to light In no single case arc we 
acquainted with the internal process responsible for the production 
of a particular form. All possible factors may play a part, such as 
osmotic pressure, jienneability of the protoplasm, the degree of 
concentration of the various chemical substances, etc. ; all these 
factors should be included in the category of internal conditions. 
This inner world appears the more hidden from our ken because 
it is always represented by a certain definite state, whether we are 
dcabng with a single cell or with a small group of cells. These have 
been produced from pre-existing cells and they in turn from others ; 
the problem is constantly pushed back through a succession of gene- 
rations until it becomes identified with that of the origin of species. 

A way, however, is opened for investigation ; experience teaches 
us that this inner world is not a constant factor : ou the contrary, 
it appears to be very variable. The dependence of variable hUemal 
on variable etclerticU conditions gives us the key with which research 
may open the door. In the lower plants this dependence is at once 
apparent, each cell is directly subject to external influences. In 
the higher plants with their Afferent organs, these influences were 
transmitted to cells in course of development along exceedingly 
complex lines. In the case of the growing-point of a bud, which 
is capable of produciug a complete plant, direct influences play 
a much less important part than those exerted through other 
organs, particularly through the roots and leaves, which are 
essential in nutrition. These correlations, as we may call them, 
arc of the greatest importauce as aids to an understanding of form- 
production. When a bud is produced on a particular part of a 
plant, it undergoes definite iutemal modifications induced by the 
influence of other organs, the activity of which is governed by the 
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environment, and as the result of this it develops along a certain 
direction ; it may, for example, become a flowen The particular 
direction of development is determined before the rudiment is 
differentiated and is exerted so strongly that further development 
ensues without interruption, even though the external conditions 
vary considerably and exert a positively inimical influence: this 
produces the impression that development proceeds entirely inde- 
pendently of the outer world* The widespread belief that such 
independence exists is very premature and at all events unproven* 

The state of the young rudiment is the outcome of previous 
influences of the external world communicated through other organs. 
Experiments show that in certain cases, if the efficiency of roots and 
leaves as organs concerned with nutrition is interfered with, the 
production of flowers is affected, and their characters, which are 
normally very constant, undergo far-reaching modifications* To find 
the light moment at which to make the necessary alteration in the 
environment is indeed difficult and in many cases not yet possible. 
This is esi)ecially the case with fertilised eggs, which in a higher 
degree than buds have acquired, through parental influences, an 
apparently fixed internal oiganisation, and this seems to have pre- 
determined their development* It is, however, highly probable 
that it will be possible, by influencing the parents, to alter the 
internal organisation and to switch off development on to other 
lines. 

Having made these general observations I will now cite a few of 
the many facts at our disposal, in order to illustrate the methods and 
aim of the experimental methods of research. As a matter of con- 
venience I will deal separately with modification of development and 
with modification of single organs. 

i* Effect of environment upon the eotirm of development 

Every plant, whether an alga or a flowering plant pa^es, under 
natural conditions, through a series of developmental stages charac- 
teristic of each species, and these consist in a regular sequence of 
definite fonns. It is impossible to form an opinion from mere obser- 
vation and description as to what inner changes arc essential for the 
production of the several forms. We must endeavour to influence 
the inner factors by known external conditions in such a way that the 
individual stages in development are separately controlleci and the 
order of their sequence determined at will by experimental treat- 
ment. Such control over the course of development may be gained 
with special certainty in the case of the lower organisms* 

With these it is practicable to control the principal conditions of 
cultivation and to vary them in various ways. By this means it has 
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been demonstrated that each developmental stage depends upon 
special external conditioner and in cases Mliere our knowledge is 
siifficientj a particular stage may be obtained at will In the Green 
Algae \ as in the case of Fungiy we may classify the stages of develop- 
meiit into purely vegetative growth (growth^ eell-divisioiij branching), 
asexual reproduction (formation of ssoospores, conidia) and sexual 
processes (formation of male and female sexual organs). By modify- 
ing the external conditions it is possible to induce algae or fungi 
(Vaucheria, Saprolegnia) to grow continuously for several years or, 
in the course of a few days, to die after an enomrous production of 
asexual or sexual cells. In some instances even an almost complete 
stoppage of growth may be caused, reproductive cells being scarcely 
formed before the organism is again compelled to resort to repro- 
duction. Thus the sequence of the different stages in development 
can be modified as we may desire. 

The result of a more thorough investigation of the determining 
conditions appears to j>roduce at fii'St sight a conftised impression of 
all sorts of possibilitiea Even closely allied species exhibit differ- 
ences in regard to the connection between their development and 
external conditions. It is especially noteworthy that the same form 
in development may be produced as the result of very different 
alterations in the environment At the same time we can un- 
doubtedly detect a certain unity in the multiplicity of the individual 
phenomena. 

If we compare the factors essential for the different stages in de- 
velopment, we see that the question always resolves itself into one 
of modification of similar conditions common to all life-processes. We 
should rather have inferred that there exist specific external stimuli 
for each developmental stage, for instance, certain chemical agencies. 
Experiments hitherto made support the condusion that quantitative 
alterations in the general conditions of life produce different types 
of development. An algi or a fungus grows so long as all the con- 
ditions of nutrition remain at a certain optimum for growth. In 
order to bring about asexual reproduction, ag. the formation of zoo- 
spores, it is sometimes necessary to increase the degree of intensity 
of external factors ; sometimes, on the other hand, these must be 
reduced in intensity* In the case of many algae a decrease in light- 
intensity or in the amount of salts in the culture solution, or in the 
temperature, induces asexual reproduction, while in othei's, on the 
contrary, an increase in regard to each of these factor is required to 
produce the same result This holds good for the quantitative vari- 
ations which induce sexual reproduction in algae. Tlie controlling 

1 See Klebs, Die Bedingunff der Fartpjktnzimg\.., Jena^ 1S96 j ai&o J^thrh.fUr BoL 
1S98 and 1900; obi erne der Entwic^elong, m/' BioL CetUralbL 1904, p. 452, 
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factor is found to be a reduction in the supply of nutritive salts and 
tile exposure of tlie plants to prolonged illumination or, better still, 
an increase in the intensity of the light, the efficiency of illumination 
depending on the consequent formation of organic substances such as 
carbohydrates. 

The quantitative alterations of external conditions may be spoken 
of as releasing stimuli. They produce, in the complex equilibrium of 
the cell, quantitative modifications in the arrangement and distri- 
bution of mass, by means of which other chemical processes are at 
once set in motion, and finally a new condition of equilibrium is 
attained But the commonly expressed view that the environment 
can as a rule act only as a releasing agent is mcorrect, because it 
overlooks an essential point The power of a cell to receive stimuli 
is only acquired as the result of previous nutrition, which has pro- 
duced a definite condition of concentration of different substances. 
Quantities are in tliis case the determining factors. The distribution 
of quantities is especially important in the sexual reproduction of 
algae, for which a vigorous production of the materials formed during 
carbon-assimilation appears to be essential. 

In the Flowering plants, on the other hand, for reasons already 
mentioned, the whole problem is more coniplicated Investigations 
on changes in the course of development of fertilised eggs have 
hitherto been unsuccessful; the difficulty of influencing egg-cells 
deeply immersed in tissue constitutes a serious obstacle. Other 
parts of plants are, however, convenient objects of experiment; 
e*g. the growing apices of buds which serve as cuttings for repro- 
ductive pur|K)ses, or buds on tubers, runners, rhizomes, etc. A grow- 
ing apex consists of cells capable of division in which, as in egg-cells, 
a complete series of latent possibilities of development is embodied 
Wliich of these possibilities becomes effective depends upon the 
action of the outer world transmitted by organs concerned with 
nutrition. 

Of the different stages which a flowering plant passes through in 
the course of its development we will deal only with one in order 
to show that, in spite of its great complexity, the problem is, in 
essentials, equally open to attack in tlie higher plants and in the 
simplest organisms. The most important stage in the life of a 
flowering plant is the transition from purely vegetative growth to 
sexual reprodiiction — that is, the production of flowers. In certain 
cases it can be demonstrated that there is no internal cause, de- 
pendent simply on the specific structure, which compels a plant to 
produce its flowers after a definite period of vegetative gi'owth^. 

1 Klebti, WillkurUch^ Eniwickehingmndet^ngeuj Jena 1903 ; Bee also Probleme der 
Entwiokelung, i. BioL CmtralbL 1904. 
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One extreme case, that of exceptionally early flowering, has been 
observed in nature and more often in cultivation* A number of plants 
under certain conditions are able to flower soon after germination ^ 
This shortening of the period of development is exhibited in the 
most striking form in trees, as in the oak^ flowering seedlings of 
whidi have been observed from one to three years old, whereas 
normally the tree does not flower until it is sixty or eighty years old* 

Another extreme case is represented by prolonged vegetative 
growth leading to the complete suppression of flower-production* 
This result may be obtained with several plants, such as Glechoma, 
the sugar beet, Digitalis, and others, if they are kept during the 
winter in a warm, damp atmosphere, and in rich soil ; in the following 
8I)ring or summer they fail to flower^ Theoretically, however, experi- 
metits are of greater importance in which the production of flowers is 
inhibited by very favourable conditions of nutrition* occurring at tlie 
normal flowering i^eriod* Even in the case of plants of Sempervivum 
several years old, which, as is shown by control experiments on 
precisely similar plants, are on the point of flowering, flowering is 
rendered impossible if they are forced to very vigorous growth by an 
abundant supply of water and salts in the spring. Flowering, how- 
ever, occurs, if such plants are cultivated in relatively dry sandy soil 
and in the presence of strong light. Carefiil researches into the 
conditions of gi'owth have led, in the case of Sempervivum, to the 
following results: (1) With a strong light and vigorous carbon- 
assimilation a considerably increased supply of water and nutritive 
salts produces active vegetative growth. (2) Witli a vigorous carbon- 
assimilation in strong light, and a decrease in the supply of water and 
salts active flower-production is induced. (3) If an average supply 
of water and salts is given both processes are possible ; the intensity 
of carbon-assimilation determines which of the two is manifested. 
A (liminution in the production of organic substances, particularly of 
carbohydrates, induces vegetative growth* This can be effected by 
culture in feeble light or in light deprived of the yellow-red rays: 
on the other hand, flower-production follows an increase in light- 
intensity, These results are essentially in agreement with well- 
known observations on cultivated plants, according to wliich, the 
application of much moisture, after a plentiful supply of manure 
composed of inorganic smlts, hindei's the flower-production of many 
vegetables, while a decrease in the supply of water and salts favours 
flowering* 

^ Ct numerous records of this kind by Diels, Jugendformeti und BHlteiti Berlin, 1906* 

® Mobius, Beitr^fge zttr Lekre von der Fortpjhimungt Jena, p* S9* 

^ Klebs, WiUklfriicht Aendfrmngeti, etc* Jena, 1903, p. 130. 

* Klebs, Ueher kUmtlicke Stuttgart, 1906, p* 115 {Abh. NaUirjf, Qu, 

Halk, XXV.)* 
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ii. Influence of the environment on the form of dngle organs\ 

If we look closely into the development of a flowering plant, we 
notice that in a given species difierently formed organs occur in 
definite positions. In a potato plant colourless runners are formed 
from the base of the main stem which grow underground and pro* 
duce tubers at their tips: from a higher level foliage shoots arise 
nearer the apex. External appearances suggest that both the place 
of origin and the form of these organs were predetermined in the 
egg-cell or in the tuber. But it was shown experimentally by the 
well-known investigator Knight^ that tubers may be developed 
on the aerial stem in place of foliage slioots. These observations 
were considerably extended by Vochting®, In one kind of potato, 
germinating tubers were induced to form foliage shoots under the 
influence of a higher temperature ; at a lower temperature they formed 
tuber-bearing shoots. Many other examples of the conversion of 
foliage-shoots into runners and rhizomes, or vice versa^ have been 
described by Goebel and others* As in the asexual reproduction 
of algae quantitative alteration in the amount of moisture, light, 
temperature, etc, determines whether this or that form of shoot is 
produced- If the primordia of these organs are exposed to altered 
conditions of nutrition at a sufficiently early stage a complete sub- 
stitution of one organ for another is effected- If the rudiment has 
reached a certain stage in development before it is exposed to these 
influences, extraordinary intermediate forms are obtained, bearing 
the characters of both organs. 

The study of regeneration following ipjury is of greater import- 
ance as regards the problem of the development and place of origin 
of organs*. Only in relatively very rare cases is there a complete 
re-formation of the injured organ itself, as e*g, in the growing-apex. 
Much more commonly iiyury leads to the development of comple- 
mentary formations, it may be the rejuvenescence of a hitherto 
dormant rudiment, or it may be the formation of such ab initio^ In 
all organs, stems, roots, leaves, as well as inflorescences, this kind 
of regeneration, which occurs in a great variety of ways according 
to the species, may be observed on detached pieces of the plant* 
Cases are also known, such, for example, as the leaves of many plants 
which readily form roots but not shoots, where a complete regeneration 
does not occur, 

^ A considerable number of observations bearing on this question are given bj Goebel 
in his E£peri7nent€lU Morpholoffie der PJianzejif Leipzig* 1908* It is not possible to deal 
here with the alteration in anatomical structure ; cL Kiister, Pathalo^ische Pfiatiuti* 
onaiOTrtie, Jena* 1908. 

^ Knight, Btlmiim /ront the Phonological and HoTliculUtml Paptn, London* 1S41. 

® Vbohting* Ueher die Bildtmo der Knollen, Cassel, 1887 ; see also Zeit* 1903, 87. 

Reference may be made to the full summary of results given by Goebel in his 
tifienieUe Morphologie, Leipzig and Berlin ^ 1908, Section iv. 
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Tlie widely spread poiver of reacting to wounding affords a very 
valuable means of iiiductiig a fresh development of buds and roots 
on places where tliey do not occur in normal circumstances. Injury 
creates special conditions, but little is known as yet in regard to 
alterations directly produced in this way. Where the iiyury con- 
sists in the separation of an organ from its normal connections, the 
factora concerned are more comprehensible. A detached leaf, c.g., is 
at once cut off from a supply of water and salts, and is deprived of 
the means of getting rid of organic substances wliich it produces; 
the result is a considerable alteration in the degi’cc of concentration. 
No experimental investigation on these lines has yet been made. 
Our ignorance has often led to tlie view that we are dealing with 
a force whose specific quality is the restitution of the parts lost by 
operation ; the proof, therefore, that in certain cases a similar pro- 
duction of new roots or buds may be induced without previous 
injury and simply by a change in external conditions assumes an 
importance^ 

A specially striking phenomenon of regeneration, exhibited also 
by uniiyurcd plants, is afforded by iiolarity, which was discovered by 
Vbchting-. It is found, for example, that roots arc formed fi'om the 
base of a detached piece of stem and shoots from the apex. Within 
the limits of this essay it is impossible to go into this difficult question ; 
it is, however, important from the point of view of our general survey 
to cmphiisise the fact that the physiological distiuctions between base 
and apex of pieces of stem, are only of a quantitative kind, that is, 
they consist iu the inhibition of certain phenomena or in favouring 
thciiL As a matter of fact roots may be produced from the apices 
of willows and cuttings of other plants; the distinction is tlius 
obliterated under the influence of environment. The fixed polarity 
of cuttings from full grown stems cannot be destroyed ; it is the ex- 
pression of previous development Viichting speaks of jiolarity as a 
fixed inherited character. This is an unconvincing conclusion, as 
nothing can be deduced from our present knowledge as to the causes 
wdiich led up to polarity. We know that the fertilised egg, like the 
embryo, is fixed at one end by wliich it hangs freely in the embryo- 
sac and afterwards in the endosperm. From the firat, therefore, 
the tw'o ends have diflerent natures, and these are revealed in the 
diircrcntiation into root-apex and stem-apex. A definite dii’ection 
in the flow' of food-substances is correlated witli this arrangement, 
and this eventually leads to a polarity in the tissues. This view 

^ KlebSi WillkUrUche EntwicJielung^ -p, 100; slso, ** I*i-obkme der Entwiokelaug/’ JJM. 
CeniraU^k 1904, p. 610, 

^ lha eiaasic work of Vdohting, Uebtr im PJlammrtieh^ u Bonn, 

ISdd ; aliio Bol, Ziit* 1906, p, 101 ; cf, Gocbol, ExptrimenUlU MorpholcgU^ Leipzig and 
Berlin, 1908, S^Nition v, Polaritiit. 
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requires experimental j>roofj which in the case of the egg-cells of 
flowenng plants hardly appears possible; but it derives considerable 
support from the fact that in herbaceous plants^ e.g. Semper vivum^j 
rosettes or flower-shoots are formed in response to external con- 
ditions at the base, in the middle, or at the apex of the stem, so that 
polarity as it occurs under normal conditions cannot be the result of 
unalterable hereditary factom On the other hand, the lower plants 
should furnish decisire evidence on this question, and the experi- 
ments of Stahl, Winkler, Kniep, and others indicate the right method 
of attacking the problem* 

Tlie relation of leaf-form to environment has often been investi- 
gated and is well knowih The leaves of bog and water plants® afibrd 
the most striking examples of modifleations : according as they are 
grown in ivatcr, moist or dry air, the form of the species characteristic 
of the particular habitat is produced, since the stems are also modi- 
fied. To the same gi oup of phenomena belongs the roodificatioii of 
the forms of leaves and stems in plants on ti'ansplantation fi*om 
the plains to the mountains^ or mcc versu* Such variations are by 
no means isolated examples. All plants exhibit a definite altei'ation 
in form as the result of prolonged cultivation in moist or dry air, 
in strong or feeble light, or in darkness, or in salt solutions of different 
composition and strength. 

Every individual which is exposed to definite combinations of 
external factors exhibits eventually the same type of modification. 
This is the type of variation which Darwin termed “definite/" It is 
easy to realise that indefinite or fluctuating variations belong essenti- 
ally to the same class of phenomena ; both are reactions to changes 
in environment In the production of individual variations two 
different influences undoubtedly cooperate. One set of variations 
is caused by different external conditions, during the production, 
either of sexual cells or of vegetative primordia; another set is the 
result of varying external conditions during the development of the 
embryo into an adult plant. The two sets of influences cannot as yet 
be sharply differentiatetL If, for purposes of vegetative reproduction, 
we select pieces of the same parent-plant of a pure species, the 
second type of variation predominates. Individual fluctuations de- 
pend essentially in such ca^es on small variations in environment 
during development 

Tlicsc relations must be borne in mind if we wish to understand 
the results of statistical methods. Since the work of Quetelet, 

3 Klebs, VariationcD det BMten,” Jahrh. IFtsj*. BoU 1905, p. 260. 

* Cf* Goebel, loCo Cl I. ebap. ii* ; also Gliicb, Uiiter£UGlmnge}t Uher und Bwfipf- 

Jena, Vols. i. — ii. 1905—06. 

® Bonnier, UecheTches sur rAnatoniie f^perimeutaU Vigeta^iXt Corbail, 1896. 
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Galton, and others the statistical examination of individual differ- 
ences in animals and plants has become a special science, which is 
primarily based on the consideration that the application of the 
theory of probability renders possible mathematical statement and 
control of the results, Tlie fects show that any character, size of 
leaf, length of stem, the number of members in a flower, etc, do not 
vary haphazard but in a very regular manner. In most cases it is 
found that there is a value which occurs most conunonly, the average 
or medium value, from which the larger and smaller deviations, the 
so-called plus and minus variations fall away in a continuous series 
and end in a limiting value. In the simpler cases a falling off occurs 
equally on both sides of the curve ; the curve constnicted from such 
data agrees very closely with the Gaussian curve of error. In more 
complicated cases irregular curves of different kinds are obtained 
which may be calculated on certain suppositious. 

The regular fluctuations about a mean accordiug to the rule of 
probability is often attributed to some law underlying variability \ 
But there is no such law which compels a plant to vary in a par- 
ticular nmtinen Every experimental investigation shows, as we have 
already remarked, that the fluctuation of charactei^ depends on 
fluctuation in the extenml factors. The applicability of the method 
of probability follows from the fact that the numerous individuals of a 
species are influenced by a limited number of variable conditions®. 
As each of these conditions includes within certain limits all possible 
values and exhibits all possible combinations, it follows that, accord- 
ing to the rules of probability, there must be a niean value, about 
which the larger and smaller deviations are distributed. Any cha- 
racter will be found to have the mean value which corresponds with 
that combination of determining factors which occurs most frequently. 
Deviations towards plus and minus values will be correspondingly 
produced by rarer conditions. 

A conclusion of fundamental importance may be drawn from 
this conception, which is, to a certain extent, supported by experi- 
mental investigsition There is no normal curve for a particular 
eharactevy there is only a curve for the varying combinations of 
conditions occurring in nature or under cultivation. Under other 
conditions entirely different curves may be obtained with other 
variants as a mean value. If, for example, under ordinary conditions 
tlie number 10 is the most frequent variant for the stamens of Sedum 
spectahilef in special circumstances (red light) this is replaced by the 
number 5. The more accumtely we know the conditions for a par- 

* de Vries. MutuUomtheorief Vol. i, p. Leipzig, 1901. 

^ Klebs. Wiltkilrt^ Knt. Jena, 1903, p. 141. 

^ Klebs. Studieii iiber Variation/* Ar^h. fdt' Entw. 1907. 
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ticular form or number, and are able to reproduce it by experiment, 
the nearer we are to achieving our aim of rendering a particular 
variation impoeeibic or of making it dominant. 

In addition to the individual variations of a species, more pro- 
nounced fluctuations occur relatively rarely and sporadically which 
are spoken of as "single variations,” or if specially striking as ab- 
normalities or monstrosities. Tliese forms have long attracted the 
attention of morphologists; a large number of observations of this 
kind are given in the handbooks of Masters^ and Penzig* These 
variations, which used to be regarded as curiosities, have now 
assumed considerable importance in connection ultli the causes of 
form-development. They also jiossess special interest in relation to 
the question of heredity, a subject which does not at present concern 
us, as such deviations from normal development undoubtedly 
arise as individual variations induced by the influence of environ- 
ment. 

Abnormal developments of all binds in stems, leaver and flowers, 
may be produced by parasites, insects, or fungi. They may also be 
induced by injury, as Blaringhem®has more particularly demonstrated, 
which, by cutting away the leading shoots of branches in an early 
stage of development, caused fasciation, torsion, anomalous flowers, 
etc The experiments of Blariughem point to the probability that 
disturbances in the conditions of food-supply consequent on injury 
are the cause of the production of monstrosities. This is certainly 
the case in my experiments with species of Sempervivum* ; indi- 
viduals, which at first formed normal flowers, produced a great 
variety of abnormalities as the result of changes in nutrition. We 
may call to mind the fact that the formation of inflorescences occurs 
normally when a vigorous production of organic compotuids, such as 
starch, sugar, etc follows a diminution in the supply of mineral salts. 
On the other hand, the development of inflorescences is entirely 
suppressed if, at a suitable moment before the actual foundations 
have been laid, water and mineral salts are supplied to the roots. 
If, during the week when the inflorescence has just been laid dovm 
and is growing very slowly, the siipply of water and salts is increased, 
tlic internal conditions of the cells arc essentially changed. At a later 
stage, after the elorigation of the inflorescence, rosettes of leaves are 
produced instcml of flowers, and structures iutennediate between the 
two kinds of organs; a number of peculiar plant^forms arc thus 
obtained*. Abnormalities in the greatest variety are i>roduced in 

^ Ma*tera» Vegetable Terdtotoggy hon^on, 1S60. 

^ P«nzig» Pflanzen-TtratohgUf Vols, i. iwid Gonwa, 1890 — 04, 

^ Blahogliom, et traumatumez, Paris, 1907. 

* KUnstUche SUi<xrtu?rph/Mtnf 1006, 

> Cf. Lotay, V^yrkiutigzn Mfr Dezz^ndenithe^^rUny VoJ. ii. pL S, Jana, 1008. 
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flowers by varying the time at which the stimulus is appUed, and by 
the cooperation of other factors such as temperature, darkness, etc. 
In number and arrangement the several floral members vary within 
wide limits ; sepals, petals, stamens, and carpels are altered in form and 
colour, a transformation of stamens to carpels and from carpels to 
stamens occurs in varying degrees. The majority of the deviations 
observed had not previously been seen either under natural con- 
ditions or in cultivation ; they were first brought to light through the 
influence of external factors* 

Such transformations of flowers become apparent at a time, which 
is separated by about two months from the period at which the 
particular cause began to act. There is, therefore, no close con- 
nection between the appearance of the modifications and the external 
conditions which prevail at the moment. AVhen we are ignorant of 
the causes which are opemtive so long before the results are seen, 
we gain the impr^^sion that such variations as occur are spontaneous 
or autonomous expressions of the inner nature of the plant. It is 
much more likely that, as in Seinpervivum, they were originally 
produced by an external stimulus which had previously reached the 
sexual cells or the young embryo. Tu any case abnormalities of this 
kind appear to be of a special type as compared witii ordinary 
fluctuating variations. Darwin pointed out tliis dMerence ; Batesoiri 
has attempted to make the distinction sharper, at the same time 
emphasising its importance in heredity. 

Bateson applies the teiui continuous to small variations connected 
with one another by transitional stages, while those which are more 
striking and characterised from the first by a certain completeness, 
he names dtscoifitinuoiis. He drew attention to a great difficulty 
which stands in the way of Lamarck's hypothesis, as also of Darwin's 
view. ‘^According to both theories, specific diversity of form is 
consequent upon diversity of environment, and diversity of environ- 
ment is thus the ultimate measure of diversity of specific form. 
Here then wo meet the difficulty that divei'se environments often 
shade into each other insensibly and form a continuous series, 
whereas the Specific Forms of life which are subject to them on the 
whole form a Discontinuous Series."' This difficulty is, however, not 
of fundamental impoiiiance as well authenticated facts have been 
adduced showing that by altcmtioii of the environment discontinuous 
variations, such as alterations in the number and form of membci*s 
of a flower, may be produced We can as yet no more explain 
liow this hap|>cns than we can explain the existence of continuous 
variations. We can only assert that both Mods of variation arise in 
response to quantitative alterations in external conditions. The 

^ BittesoD, MuttfiaJs foT th& »tudy 0/ Vaifi^Zionf London , 1894 , p* S. 
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question as to which kind of variation is produced depends on the 
greater or less degree of alteration; it is correlated with the state 
of the particular cells at the moment. 

In this short sketch it is only possible to deal superficially with a 
small part of the subject It has been clearly shown that in view of 
the general dependence of development on the factors of the eiiviroii- 
inent a number of problems are ready for experimental treatment. 
One niustj however, not forget that the science of the physiology of 
fonn has not progi’essed beyond its initial stages. Just now our first 
duty is to demonstrate the dependence on external factors in as 
many forms of plants as possible, in order to obtain a more thorough 
control of all the different plant-forms. The problem is not only to 
produce at will (and independently of their normal mode of life) 
fonns which occur in nature, but also to stimulate into operation 
potentialities which necessarily lie doraiant under the conditions 
which prevail in nature. The constitution of a species is much 
richer in possibilities of deTolopmeot than would appear to be the 
case under normal conditions. It remains for man to stimulate into 
activity all the potentialities. 

But the control of plant-fonn is only a preliminary step— tlie 
foundation stones on which to erec^t a coherent scientific structure. 
We must discover what are the internal processes in the cell pro- 
duced by external factors, which as a necessary consequence result in 
the appearance of a definite form. We are here brought into contact 
with the most obscure problem of life. Progress can only be made 
pari jmssu with progi-ess in physics and chemistry, and with the 
gi'owth of our knowledge of iiutritioii, growth, etc. 

Let us take one of the simplest cases — an altcmtion in fonn, 
A cylindrical cell of the alga Stigeoclonium assumes, as Livingstone^ 
has shown, a spherical form >vhen the osmotic pressure of the culture 
fluid is increased; or a spore of Mucor, which, in a sugar solution 
grows into a bi'aiiched filament, in the presence of a small quantity 
of acid (hydrogen ions) becomes a compamtively large sphere^. In 
both cases there has undoubfeedlj been an alteration in the osmotic 
pressure of the cell-sap, but this does not suffice to explain the 
alteration in form, since the unknown alterations, w hich are induced 
in the protoplasm, must in their turn influence the cell-membrane. 
In the ease of the very much more complex alterations in form, such 
as we encounter in the coui'se of development of plants, there do 
not appear to l>e any cliics which lead us to a deeper insiglit into the 
phenomena. Ncvei*thcless we continue the attempt, seeking with the 

^ I^iringstcrie, “ On the nature of the stimulus which causes the chauge of fonn, etc.** 
Botaniml Oaz^lUt ItOO ; also zxxn, 1901, 

^ Bitter, “ Ueber Kugelhefe, etc,/* Ber. fret. Ge$elL Berliu, sxv, p. 255, 1907. 
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help of any ayailable hypothesis for points of attack, which may enable 
us to acquire a more complete mastarj" of physiological methods. 
To quote a single example ; I may put the question^ what internal 
changes produce a transition fi’om vegetative growth to sexual reprO' 
duction ? 

The facts, which are as clearly established for the lower as for the 
higher plants, teach us that quantitative alteration in the environ" 
ment produces such a transition. This suggests the conclusion that 
quantitative mtemal changes in the cells, and with them disturbances 
in the degree of concentration, are induced, through which the 
chemical reactions are led in the direction of sexual reproductioiL 
An increase in the production of organic substances in the presence 
of light, chiefly of the carbohydrates, with a simultaneous decrease 
in the amount of inorganic salts and water, are the cause of the 
disturbance and at the same time of the alteration in the direction 
of development Possibly indeed mineral salts as such are not in 
question, but only in the form of other organic combinations, par- 
ticularly proteid material, so that we are concerned with an alteration 
ill the relation of the carbohydrates and proteids. The difficulties 
of such researches are very great because the methods arc not yet 
sufficiently exact to demonstrate the frequently small quantitative 
differences in chemical composition. Questions relating to the 
enzymes, which are of the greatest importance in all these life- 
processes, are especially complicated. In any case it is the necessary 
result of such an hypothesis that we must employ chemical methods 
of investigation in dealing with problems connected with the phy- 
siology of form, 

II. Influence of envikonment on the transformation 

OF SPEOlEa 

Tlie study of the physiology of form-development in a pure species 
has already yielded results and makes slow but sure progress. The 
physiology of the possibility of the transformation of one species into 
another is based, as yet, rather on pious hope than on accomplished 
fact From the first it appeared to be hoi>eless to investigate physio- 
logically the origin of Liuneaii species and at the same time that of 
the natural system, an aim which Darwin had before him in liis 
enduring work. The historical sequence of events, of which an 
organism is the expression, can only be treated hypothetically with 
the help of facts supplied by comparative morphology, the history 
of development, geogi*aphical distribution, and palaeontology t A 
glance at the controversy which is going on to-day in regard to 
Afferent hypotheses shows that the same material may lead different 

' See Lotey, V<yrhmng^n {Jen», i, 190 ^, ii. 1008 J, for itnismary of tUe faeta. 
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investigators to form entirely different opinions. Our ultimate aim 
is to find a solution of the problem as to the cause of the origin of 
species. Indeed such attempts arc now being made : they are justi- 
fied by the fact that under cultivation new and permanent strains 
are produced ; the fundamental importance of this was first grasped 
by Darwin. New points of view in regard to these Imes of inquiry 
have been adopted by IL de Vries who has succeeded in obtaining 
from Oemtkera Lamarckimm a number of constant “elementary” 
species. Even if it is demonstrated that he was simply dealing with 
the complex splitting up of a hybrids the facts adduced in no sense 
lose their very great value. 

We must look at tlie problem in its simplest form ; we find it in 
every case where a new race differs essentially from the original type 
in a single character only ; for example^ in the colour of the flowei-s 
or in the petalody of the stamens (doubling of flowers). In this con- 
nection we must keep in view the fact that every visible character in 
a plant is the resultant of tlie cooperation of specific sti'ucture, with 
its various potentialities^ and the influence of the environment. We 
knowj that in a pure species all chanicters vaiy> that a blue-flowering 
Campanula or a red Sempervivum can be converted by experiment 
into white-flowering fonns, that a transfonnation of stamens into 
petals may be caused by fungi or by the influence of changed con- 
ditions of nutrition^ or that plants in diy and poor soil liccome 
dwarfed. But so far as the experiments justify a concliisionj it would 
appear that such altcmtious arc not inherited by the offspring. 
Like all other variations they appear only so long as special con- 
ditions prevail in the suiroundings. 

It has been shown that the ease is quite different as regards the 
white-flow^ering, double or dwarf races, because these retain their 
characters when cultivated under practically identical conditions, 
and side by side %vith the blue, single-flowering or tall races. The 
problem may therefore be stated thus : how can a character, which 
appears in the one case only under the strictly limited conditions of 
the experiment, in other cases become apparent under the very much 
wider conditions of ordinary cultivation ? If a chai‘actcr appears, in 
these circumstances, in the case of all individuals, we then speak of 
constant races. In such simple cases the essential point is not the 
creation of a new" character but rather an aUeratimi of this character 
in accordance with the envirommit In the examples mentioned 
the modified character in the simple varieties (or a number of 
chai-acters in elementary species) appears more or less suddenly and 
is constant in the above sense. The result is what de Vries has 

* Bateson, io the MveluiiQn CommUUe of ihe SoeUt^f^ London, 1902 ; of., 

alao Lotey, Yorle^ungen, VoL i. p* 234. 

n. 16 
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teimefl a Mntatiou. fii this connection ^re must bear in mind the 
fact that no difference, recognisable externally, need exist between 
individnal variation and mutation. Even the most minute quanti- 
tative difterence between two plants may be of specific value if it 
is preserved under similar external conditions during many successive 
generations. We do not know how this happens. We may state the 
problem in other terms; by saying that the specific structure must 
l)e altered. It is possible, to some extent, to explain this sudden 
alteration, if we regard it as a chemical alteration of structure cither 
in the specific (jualities of the proteids or of the unknown carriers of 
life. In the case of many organic compounds their morphological 
characters (the physical condition, crystalline form, etc.) are at once 
changed by alteration of atomic relations or by incorporation of new 
nulicals*. Much more important^ however, would be an answer to the 
(|ucstio», whether an individual variation can be converted experi- 
mentally into an inherited character— a mutation in do Vries’s sense. 

In all circumstances we may recognise as a guiding principle the 
assumption adopted by Lamarck, Darwin, and many others, that the 
inheritance of any one character, or in more general terms, the trans- 
formation of one Slides into another, is, in the last instance, to be 
referrctl to a change in the environment. From a causal-mechanical 
point of view it is not a j>y'iori conceivable that one species can 
ever become changed into another so long as external conditions 
remain constant. Tlic inner structure of a species must be essen- 
tially altered by external influences. Two methotls of experimental 
research may be adopted, the e fleet of crossing distinct species and, 
secondly, the effect of definite factors of the environment. 

Tlie subject of hybridisation is dealt with in another part of this 
essay. It is enough to refer here to the most important fact, that as 
the result of combinations of characters of different si>eeies new 
and constant forms arc produced. Further, Tschennack, Bateson 
and others have demonstrated the imssibility that hitherto unkiiomi 
inheritable characters may be produced by hybridisation. 

The other methotl of producing constant races by the infiuence of 
si>ecial external conditions has often been employed. The simreless 
races of Bacteria and Yeasts® are well known, in which an intenial 
alteration of the celts is induced by the influence of poison or higher 
temperatuie, so that the power of producing spores even under 
normal conditions api>ear3 to be lost. A similar state of things is 

1 For instaace othylcLlorido (C,H,C1) iv a gas at 21®C., ethylonoohlorido (C^H^Cy a 
fluid boiling at $4®C., ^ tricb loro than o (C^HiClj) a fluid boiling at porchlorsthano 

(C,cy a crystalline substance. Klebs, irfliWIriicfte EntviekelungiSnderungtn, p. 158. 

* Cf. Detto, Die TheerU der direkten Anpauung..., pp. 9S et »eq„ Jena, 1^; see also 
r.ot8y, VorUtungen, ii. pp, OSS et teq., where other similar cases are described. 
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fomwl in some races wliicli niKlcr certain definite conditions Imo 
their colenr oi- their vinilcnce. Among the pliancrogams the in- 
vestigations of Schliblcr on cereals afford imrallel case^ in which tlie 
inflnence of a northern climate produces individuals wliich ripen their 
seeds early; these seeds produce plants which seed early in southern 
countries. Analogous results were obtained by Cieslar in his experi- 
ments ; seeds of conifers from the Alps when planted iu the plains 
produced plants of slow growth and small diameter. 

All these oljscrvations are of considerable interest theoretically ; 
they show that the action of environment certainly induces such 
internal changes, and that these arc transmitted to the next gene- 
ration. But as regards the niain question, whether constant races 
may be obtained by this means, the cxi>eriments cannot as yet .supply 
a definite answer. * In phanerogams, the inflnence very soon dies out 
in succeeding generations; in the case of bacteria, in which it is 
only a question of the loss of a character it is relatively easy for 
this to reappear. It is not imiwssible, that in all such cases there is 
a material hanging-on of certain internal conditions, in consequence 
of which the modification of the cltaracter persists for a time in 
the descendants, although the original external conditions are no 
longer present. 

Thus a slow dying-out of the eftcct of a stiinuUis was seen in my 
exi)crimcnts on Veronica dtatnaedrys^. During the cultivation of 
an artificially modified inflorescence I obtained a race showing modi- 
fications in different directions, among which twisting was csirccially 
conspicuous. This plant, however, does not behave as the twisted 
race of Dipsacus isolated by de Vries* which produced each year a 
definite percentage of twisted individuals. In the vegetative repro- 
duction of this Veronica the torsion appearetl in the first, also in 
the second and third year, but with diminishing intensity. In spite 
of good cultivation this character has api>arently now disappeared; 
it disappeared still more quickly in sectUings. In another 
character of the same Veronica chmaaedrys the influence of 
the environment was stronger. The transformation of the in- 
florescences to foliage-shoots formed the starting-imint ; it wcurred 
only under narrowly dcfinc<l conditions, namely on cultivation as a 
cutting in moist air and on I'cmoval of all other leaf-buds. In the 
mroority (^) of the plants obtained from the transformed shoots, 
the motlification appeared in the following year without any into- 
fcrencc. Of the three plants which were under observation several 
years the first lost the character iu a short time, wiiilc the two others 



1 Kloba, Kamilklu SluUgait. p- 

* do Vrie^H 3IuKitioiuih<<frkf Vol. u. Loipicig, p. 573. 
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Btill retain it, after vegetative propagation, in varying degrees. The 
same character occurs also in some of the seedlings; but anything 
approaching a constant race has not been produced* 

Another means of producing new races has been attempted bj 
Blaringhem^ On removing at an early stage the nmin shoots of 
different plants he observed various abnormalities in the newly 
formed basal shoots. From the seeds of such plants he obtained 
races, a large percentage of which exhibited these abnoi-malities. 
Starting from a male Maize plant with a fasciated inflorescence, on 
which a proportion of the flowers had become male, a new race was 
bred in which hermaphrodite flowers were ft equently produced* In 
the same way Blaringhem obtained, among other similar results, a 
race of barley with branched ears. Tliese races, however, behaved 
in essentials like those which have been demonstrated by de Vries to 
be inconstant, e.g* THfolmm pratense qimiquefolitim and others* 
The abnormality appears in a proportion of the individuals and only 
under verj^ special conditions. It must be remembered too that 
Blaringhem worked with old cultivated plants, which ft*om the first 
had been disposed to split into a great variety of I'aces. It is possible, 
but difiicult to prove, tliat iiyury contributed to this result 

A third method has been adopted by MacDougaP who injected 
strong (10 7o) sugar solution or weak solutions of calcium nitrate and 
zinc sulphate into young carpels of different plants. From the seeds 
of a plant of Raimannia oclorata the carpels of which had been thus 
treated he obtained several plants distinguished fi'om the parent- 
forms by the absence of hairs and by distinct forms of leaves. 
Further examination showed that he had here to do with a new ele- 
mentary species. MacDoiigal also obtained a more or lees distinct 
mutant of Oenothera biennis. We cannot as yet form an opinion as 
to how far the effect is due to the wound or to the injection of fluid 
as such, or to its chemical properties* This, however, is not so 
essential as to decide wdiether the mutant stands in any relation 
to the influence of external fectors. It is at any rate very 
importaut that this kind of investigation should be carried further. 

If it could be shown that new and inherited races were ob- 
tained by MacDougaTs method, it w ould be safe to conclude that the 
same end might be gained by altering the conditions of the food-stuff 
conducted to the sexual cells. New races or elementary species, how- 
ever, arise without wounding or injection* This at once raises the much 
discussed question, how far garden-cultivation has led to the creation 
of new races? Contrary to the opinion expressed by Darwdii and 

1 Blaringhem, Mutation ei Tvaumatim^, Paris, 1907. 

^ MacDongal, ** Heredity and Origin of species, " Monht^ 1906; Beport of department of 
bolanieal reaearoh,** Fifth Yeat*hooh of the Carnegie Irutiiiittan of Wa^hingtont p* 119, 1907.. 
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other^j de Vries ^ tried to show that garden-races have been produced 
only from spontaneous types which occur in a wild state or from 
sub-races, which the breeder has accidentally discovered but not 
originated* In a small number of cases only has de Vries adduced 
definite proof. On the other side we have the work of Korschinsky^ 
which shows that whole series of garden-races have made tlieir 
appearance only after years of cultivation. In the majority of races 
we are entirely ignorant of their origin* 

It is, however, a fact that if a plant is removed from natural 
conditions into cultivation, a well-marked variation occurs. The 
well-known plant-breeder, L. de Vilmorin®, speaking from his own 
experience, states that a plant is induced to ^^affoler,” that is to 
exhibit all possible variations from which the breeder may make a 
further selection only after cultivation for several generations. The 
effect of cultivation was particularly striking in VeronimeJmrnasdTys^ 
which, in spite of its wide distribution in nature, varies very little. 
After a few years of cultivation this “good*’ and constant species 
becomes highly variable* The specimens on which the experiments 
were made were three modified inflorescence cuttings, the parent- 
plants of which certainly exhibited no striking abiiomialities* In a 
short time many hitherto latent potentialities became apparent, so 
that characters, never previously observed, or at least very rarely, 
were exhibited, such as scattered leaf-arrangement, torsion, terminal 
or branched inflorescences, the conversion of the inflorescence into 
foliage-shoots, every conceivable alteration in the colour of flowers, 
the assumption of a green colour by paris of the flowers, the 
proliferation of flowers* 

All this points to some disturbance in the species resulting from 
methods of cultivation. It has, however, not yet been possible to pro- 
duce constant races with any one of these modified characters. But 
variations appeared among the seedlings, some of which, e*g, yellow 
variegation, were not inheritable, w^hile others have proved constant. 
This holds good, so fiir as we know at present, for a small rose-coloured 
form which is to be reckoned as a mutation. Tims the prospect of 
producing new I'aces by cultivation appears to be full of promise. 

So long as the view is held that good nourishment, i.e. a plentiful 
supply of water and salts, constitutes the essential characteristic of 
garden-cultivation, we can hardly conceive that new mutations can 
be thus produced* But perhaps the view here put forward in regard 
to the production of fonn throws new light on this pu^isriing problem* 

1 Vol, i. pp. 412 seq. 

^ Eorsohmakj, Heteiogeneais nnd Evolution,” Flora, 1901. 

® L, de Vilmorm, Notices sur ramilwration des planter, Paris, 1886, p. 36* 

* Klebs, Kibtstliche MetaTnorphoaenj Stuttgart, 1906, p. 153. 
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Good manuring is in the highest degree favourable to vegetative 
growth^ but is in no toj equally fevourable to the formation of 
flowers* The constantly repeated expression, good or favourable 
nourishment, is not only vague but misleading, because circum- 
stances favourable to growth differ from those which promote repro- 
duction ; for the production of every form there are certain favourable 
conditions of nourishment, which may be defined for each species. 
Experience shows that, within definite and often very wide limits, it 
does not depend upon the ahsohitc ammnt of the various food sub- 
stances, but upon their respective degrees of concentration. As we 
have already stated, the production of flowers follows a relative 
increase in the amount of carbohydrates formed in the presence of 
light, as compared with the inorganic salts on which the fonnation of 
albuminous substances depends^ The various modifications of flowei's 
are due to the fact that a relatively too strong solution of salfa is 
supplied to the nidiments of these organs. As a general rule every 
plant form depends upon a ceriaio relation between the different 
chemical substances in the ceUs and is modified by an alteration of 
that relation. 

During long cultivation under conditions which vary in very 
different degrees, such as moisture, the amount of salts, light in- 
tensity, tempemture, oxygen, it is possible that sudden and special 
disturbances in the relations of the cell substances have a directive 
influence on the inner organisation of the sexual cells, so that not 
only inconstant but also constant varieties will be formed. 

Definite proof in support of tliis view has not yet been funiishecl, 
and we must admit that the question as to the cause of heredity 
remains, fundamentally, as tar from solution as it was in Darwin's 
time. As the result of the work of many investigators, particularly 
de Vries, the problem is constantly becoming dearer and moi‘c 
definite. The penetration into this most difficult and therefore 
most interesting problem of life and the creation by experiment 
of new races or elementary species are no longer beyond the region 
of possibility. 

^ Klets, Kiimtlich£ p. 117 . 
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EXPERIMENTAL STUDY OF THE INFLUENCE 
OF ENVIRONMENT ON ANIMALS 

By Jacques Loeb, 

Profes8or of Phy^^ogy in the University of 
L iKTRODtJCTOllY REMARKS. 

What the biologist calls the natural enviromucnt of an animal is 
from a physical point of view a rather rigid combination of definite 
forces. It is obvious that by a purposeful and systematic variation 
of these and by the application of other forces in the laboratory, re- 
sults must be obtainable which do not appear in the natural environ- 
ment This is the reasoning underlying the modem development 
of the study of the efiects of environment upon animal life* It was 
perhaps not the least important of Darwin's services to science that 
the boldness of his conceptions gave to the experimental biologist 
courage to enter upon the attempt of controlling at will the life- 
phenomena of animals, and of bringing about effects which cannot 
be expected in Nature, 

The systematic physico-chemical analysis of the effect of outside 
forces upon the form and reactions of animals is also our only means 
of unravelling the mechanism of heredity beyond the scope of the 
Mcndelian law. The manner in which a germ-cell can force upon 
the adult certain characters will not be understood until we succeed 
in varying and controlling hereditary characteristics ; and this can 
only be accomplished on the basis of a systematic study of the effects 
of chemical and physical forces upon living matter. 

Owing to limitation of space this sketch is necessarily very in- 
complete, and it must not be inferred that studies which are not 
mentioned here were considered to be of minor importance. All the 
WTitcr could hope to do was to bring together a few instances of the 
experimental analysis of the effect of environment, which indicate the 
nature and extent of our control over life-phenomena and which also 
have some relation to the work of Darwin. In the selection of these 
instances pi’eference is given to those problems which are not too 
technical for the general reader. 
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The forces, the influeDce of which we shall discuss, are in succession 
chemical agencies, temperature, light, and gravitation. We shall also 
treat separately the effect of these forces upon form and instinctive 
reactions. 



IL The Effects of Chemical Agencies. 

(a) Heterogeneom hybridisation. 

It was held until recently that hybridisation is not possible except 
between closely related species and that even among these a successful 
hybridisation cannot always be counted upon. This view was well 
supported by experience. It is, for instance, well known that the 
majority of marine animals lay their unfertilised e^ in the ocean 
and that the males shed their sperm also into the sea-water. The 
numerical excess of the spermatossoa over the ova in the sea-water 
is the only guarantee that the eg^ are fertilised, for the sper- 
matozoa are carried to the eggs by chance and are not atti'acted 
by the latter. Tliis statement is the result of numerous experi- 
ments by various authors, and is contrary to common belief. 
As a iTile all or the majority of individuals of a species in a given 
region spawn on the same day, and when this occurs the sea-water 
constitutes a veritable suspension of spenn. It has been shown by 
experiment that in fresh sea- water the sperm may live and retain ite 
fertilising power for several days. It is thus unavoidable that at 
certain periods more than one kind of spermatozoon is suspended in 
the sea- water and it is a matter of surprise that the most heterogeneous 
hybridisatione do not constantly occur. The reason of this becomes 
obvious if we bring together mature eggs and equally mature and 
active sperm of a different family. When this is done no egg is, as 
a nile, fertilised. The eggs of a sea-urchin can be fertilised by sperm 
of their own species, or, though in smaller numbers, by the sperm of 
other species of sca-urchine, but not by the sperm of other groups of 
echinoderms, e.g. starfish, brittle-stars, holothuriane or crinoids, and 
still less by the sperm of more distant gi^oups of animals. The 
consensus of opinion seemed to be that the spermatozoon must enter 
the egg through a narrow opening or canal, the so-called micropylo, 
and that the raicropyle allowed only the spermatozoa of the same or 
of a closely related species to enter the egg. 

It seemed to the writer tlmt the cause of this limitation of 
liybridisation might be of another kind and that by a change in the 
constitution of the sea-w^ater it might be possible to bring about 
heterogeneous hybiidisations, which in normal sea-w^ater arc im- 
jK)8sible. This assumption proved correct. Sea-water has a faintly 
alkaline reaction (in terms of the physical chemist its concentration 
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of liydroxyl ions is about 10”®^ at Pacific Grove, California, and 
about 10“®^ at Woods Hole, Massachusetts). If "vve slightly raise 
the alkalinity of the sea-water by adding to it a small but definite 
quantity of sodium hydroxide or some other alkali, the eggs of the 
sea-urchin can be fertilised with the sperm of widely difierent groups 
of animals, possibly with the sperm of any marine animal which sheds 
it into the ocean* In 1903 it was shown that if we add from about 
0 5 to O'B cubic centimetre NjlO sodium hydroxide to 50 cubic 
centimetres of sea-w^ater, the eggs of Strongylocentrotm purjmratm 
(a sea-urchin which is found on the coast of California) can be 
fertilised in large quantities by the sperm of various kinds of starfish, 
brittle-stars and holothurians ; while in normal sea-water or with 
less sodium hydroxide not a single egg of the same female could be 
fertilised \>dth the starfish sperm which proved effective in the 
hyper-alkaline sea- water. The sperm of the various forms of starfish 
was not equally effective for these hybridisations ; the sperm of 
Asterias ochrac^a and A* eupitata gave the best results, since it was 
possible to fertilise 50"^/^ or more of the sea-nrchiii eggs, while the 
sperm of Pycnopodia and AsteHna fertilised only S of the same 
eggs. 

Godlewski used the same method for the hybridisation of the sea- 
urchin eggs with the sperm of a ennoid {Antedmi rosacea)* Kupeb 
wieser afterwards obtained results which seemed to indicate the 
possibility of fertilising the eggs of Strongylocentrotus with the 
sperm of a mollusc (Mytilus). Recently, the writer succeeded in 
fertilising the eggs of Strongylocentrotus /raneisemms with the 
sperm of a mollusc — CMorostoma. This result could only be obtained 
in sea-water the alkalinity of which had been iiicreaeed (tlirough the 
addition of 0*3 cubic centimetre NflO sodium hydroxide to 50 cubic 
centimetres of sea-water)* We thus see that by increasing the 
alkalinity of the sea-water it is possible to effect heterogeneous 
hybridisations which are at present impossible in the natural en- 
vironment of these animals. 

It is, however, conceivable that in former periods of the earth's 
history such heterogeneous hybridisations were possible. It is known 
that in solutions like sea-water the degree of alkalinity must in- 
crease when the amount of carbon-dioxide in the atmosphere is 
diminished. If it be true, as Airhenius assumes, that the Ice age 
was caused or preceded by a dhnmutiou in the amount of carbon- 
dioxide in the air, such a dimimition must also have resulted in an 
increase of the alkahnity of the sea-water, and one result of such an 
increase must have been to render possible heterogeneous hybridi- 
sations in the ocean which in the present state of alkalinity are 
practically excluded* 
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But granted that such hybridisations were possible, would they 
have influenced the character of the fauna ? In other words, are the 
hybrids between sea-urchin and starfish, or better still, between 
sea-urchin and mollusc, capable of development, and if so, what is 
their character? The first experiment made it appear doubtful 
whether these heterogeneous hybrids could live. The sea-urchin 
eggs which were fertilised in the laboratory by the spennatozoa of 
the starfish, as a nile, died earlier than those of the pure breeds. 
But more recent results indicate that this was due merely to 
deficiencies in the technique of the earlier experiments. Tlie writer 
has recently obtained liybrid larvae between the sea-urchin egg and 
the sperm of a mollusc (Chlorostoma) which, in the laboratory, 
developed as well and lived as long as the pure breeds of the sea- 
urchin, and there was nothing to indicate any difference iu the 
vitality of the two breeds* 

So far as the question of lieredity is concerned, all the experi- 
ments on lieterogeneous hybridisation of the egg of the sea-urchin 
^vith the sperm of starfish, brittle-stars, crinoids and molluscs, liave 
led to the same result, namely, that the larvae have purely maternal 
chai'acteristics and differ in no way from the pure breed of the form 
from which the egg is taken* By way of illustration it may be said 
that the larvae of the sea-urchin reach on the third day or earlier 
(according to species and temperature) the so-called pluieus stage, in 
which they possess a typical skeleton ; while neither the larvae of 
the starfish nor those of the mollusc fonn a skeleton at the corre- 
sponding stage. It was, therefore, a matter of some interest to find 
out whether or not the larvae produced by the fertilisation of the 
sea-urchin egg with the s|jerm of starfish or mollusc would form the 
normal and tjq>ical pluteus skeleton. This was invariably the case 
in the experiments of Godlewski, Kupelwieser, Hagedooni, and the 
writer* These hybrid larvae were exclusively maternal in character. 

It might be argued that in the case of heterogeneous hybridisa- 
tion the sperm-nucleus docs not fuse with the egg-nucleus, and that, 
therefore, the spermatozoon cannot transmit its hereditary substances 
to the larvae* But these objections are refuted by Godlewski's 
experiments, in which he showed definitely that if the egg of tlie 
sea-urchin is fertilised with the sperm of a crinoid the fusion of the 
egg-nucleus and spemi-micleus takes place in the normal way. It 
remains for further experiments to decide what the character of the 
adult hybrids would be. 

(b) Artificial Parthenogenesis. 

Possibly in no other field of Biology has our ability to coiiti'ol 
life-phenomena by outside conditions been proved to such an extent 
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ns in the domain of fertilisation. The reader knows that the eggs of 
the overwhelming majority of animals cannot develop unless a 
spermatozoon enten? them. In this case a living agency is the cause 
of development and the problem arises whether it is possible to 
accomplish the same result thiough the application of well-known 
physico-chemical agencies. This is, indeed, true, and during the last 
ten years living larvae have been produced by chemical agencies 
fi'om the unfertilised eggs of sea-urchins, starfish, holothurians and 
a number of annelids and molluscs ; in fact this holds true in regard 
to the e^s of practically all forms of animals with which such 
experiments have been tried long enough. In each form the method 
of procedure is somewhat different and a long series of experiments 
is often required before the successful niethod is found. 

The facts of Artificial Parthenogenesis, as the chemical fertilisa- 
tion of the egg is called, have, perhaps, some bearing on the problem 
of evolution. If we wish to form a mental image of the process of 
evolution we have to reckon with the possibility that parthenogenetic 
propagation may have precedetl sexual reproduction. This suggests 
also the possibility that at that period outside forces may have 
supplied the conditions for the development of the egg which at 
present the spermatozoon has to supply. For this, if for no other 
reason, a brief consideration of the means of artificial partheno- 
genesis may be of interest to the student of evolution. 

It seemed necessary in these experiments to imitate as completely 
as possible by chemical agencies the effects of the spermatozoon upon 
the egg, Wien a spermatozoon enters the egg of a sea-urchin or 
certain starfish or annelids, the immediate effect is a chai*acteristic 
change of the surface of the egg, namely the fonnation of the so-called 
meinbi'aiie of fertilisation. The imter found that we can produce 
this membrane in the unfertilised egg by certain acids, especially the 
monobasic acids of the fatty series, e.g. formic, acetic, propionic, 
butyric, etc. Carbon-dioxide is also very efficient in this direction. 
It was also found that the higher acids are more efficient than 
the lower ones, and it is possible that the spermatozoon induces 
membrane-formation by carrying into the egg a higher fetty acid, 
namely oleic acid or one of its salts or esters. 

The physico-chemical process which underlies the formation of 
the membrane seems to be the cause of the development of the egg. 
In all cases in which the unfertilised egg has been treated in such a 
way as to cause it to form a membi'ane it begins to develop. For 
the eggs of certain animals membrane-formation is all that is 
required to induce a complete development of the unfertilised egg, 
e,g, in the starfish and certain annelids. For the eggs of other 
animals a second treatment is necessary, presumably to overcome 
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some of the injurious effects of acid treatment. Thus the unfertilised 
eggs of the sea-urchin Strmgylmmt/totm piij^uTahts of the Californian 
coast begin to develop when membrane-formation has been induced 
by treatment with a fatty acid, e.g. butyric acid ; but the develop* 
ment soon ceases and the eggs perish in the early stages of segmen- 
tation, or after the first nuclear division. But if we treat the same 
eggs, after membrane-formation, for from 35 to 55 minutes (at 15® C.) 
with sea- water the concentration (osmotic pressure) of which has 
been raised through the addition of a definite amount of some salt or 
sugar, the eggs will segment and develop normally, when transferred 
back to normal sea-water* If care is taken, practically all the eggs 
can be caused to develop into plutei, the majority of which may be 
perfectly normal and may live as long as larvae produced from eggs 
fertilised wdth sperm. 

It is obvious that the sea-urchin egg is injured in the process of 
membrane-formation and that the subsequent treatment with a 
hypertonic solution only acts as a remedy* Tlie nature of this 
injury became clear wlieu it was discovered that all the agencies 
which cause haemolysis, i.e. the destruction of the red blood 
corpuscles, also cause membraue-fonnation in imfertilised egp, e.g, 
fatty acids or ether, alcohols or cliloroform, etc., or saponin, solaniii, 
digitalin, bile salts and alkali It thus happens that the phenomena 
of artificial parthenogenesis are linked together >vith the phenomena 
of haemolysis which at present play so important a role in the study 
of immunity* Tlie difference between cytolysis (or haemolysis) and 
fertilisation seems to be this, that the latter is caused by a superficial 
or slight cytolysis of the egg, wliile if the cytolytic agencies have 
time to act on the whole egg the latter is completely destroyed. If 
we put unfertilised eggs of a sea-urdiiii into sea- water which contains 
a trace of sa[X)niii we notice that, after a few miuiites, all the eggs 
form the typical membrane of fertilisation. If the eggs are then 
taken out of the saponin solution, freed from all traces of saponin 
by repeated washing in normal sca-watcr, and tmnsferred to the 
hypertonic sea-water for from 35 to 55 minutes, they develop into 
larvae. If, however, they are left in the sea-water containing the 
saponin they undergo, a few minutes after membmue-formation, tlic 
disintegration kno\\ii in pathology as vytolysis. Membi’ane-formation 
is, therefore, caused by a superficial or incomplete cytolysis. The 
writer believes that the subsequent treatment of the egg with 
hypertonic sea-Avater is needed only to overcome the destructive 
effects of this partial cytolysis. The full reasons for this belief 
cannot be given in a short essay. 

Many pathologists assume that haemolysis or cjtolysis is due to 
a liquefaction of certain fatty or fat-like compounds, the so-called 
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lipoids, ill the cell. If this view is correct, it would be necessary to 
ascribe the fertilisation of the egg to the same process. 

The analogy between haemolysis and fertilisation throws, 
possibly, some light on a curious observation. It is well known 
that the blood corpuscles, as a rule, undergo cytolysis if injected 
into the blood of an auimal which belongs to a different family. 
The writer found last year that the blood of mammals, e.g. the 
rabbit, pig, and cattle, causes the egg of Strongylocentrotus to 
form a typical fertilisation-membrane. If such eggs are afterwards 
treated for a short period with hypei’tonic sea-water they develop 
into normal larvae (plutei). Some substance contained in the 
blood causes, presumably, a superficial cytolysis of the egg and 
thus starts its development. 

We can also cause the development of the sea-urchin e^ without 
membrane-formation. The early experiments of the wTiter were 
done in tins way and many experimenters still use such methods. It 
is probable that iu this case the mechanism of fertilisation is essen- 
tially the same as in the case where the membrane-formation is 
brought about, with this difference only, that the cytolytic effect is 
less when no fertilisation-membrane is formed. This inference is 
corroborated by observations on the fertilisation of the sea-urchin 
egg with ox blood. It very frequently happens tliat not all of the 
eggs form membranes in this process. Tliose eggs which form 
membranes begin to develop, but perish if they are not treated wth 
hypertonic sca-water. Some of the other eggs, however, which do 
not form membranes, develop directly into normal larvae without any 
treatment with hypertonic sea-water, provided they are exposed to 
the blood for only a few minutes. Presumably some blood enters the 
eggs and causes the cytolytic effects in a less degree than is necessary 
for membrane-formation, but iu a sufficient degi-cc to cause their 
development The slightness of the cytolytic eftect allows tho egg to 
develop without treatment with hypertonic sea-water. 

Since the entrance of the spermatozoon causes that degree of 
cytolysis which leads to membi'ane-fonuation, it is probable that, 
in addition to the cytolytic or membrane-forming substance (pre- 
sumably a higher fatty acid), it carries another substance into the 
egg which couiitei'acts the deleterious cytolytic effects underlying 
membrane-formation. 

Tho question may be raised whether the larvae produced by 
artificial parthenogenesis can reach the mature stage. This question 
may be answered in the affirmative, since Dclage has succeeded in 
raising several parthenogenetic sea-urchin larvae beyond the meta- 
morphosis into the adult stage and since in all the experiments made 
by the writer the parthenogenetic plutei lived as long as the plutei 
■produced from fertilised eggs. 
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(c) 0« the prochtetion of twins from one egg tkmitgh « chmige 
m the chemical censtitittion of the sea^vater. 

The reader is probably familiar with the feet that there exist two 
different types of human twins. In the one type the twins differ as 
much as two children of the same parents bom at different periods ; 
they may or may not have the same sex. In the second type the 
tmns have invariably the same sex and resemble each other most 
closely. Twins of the latter type are produced from the same egg, 
while twins of the former type are produced from two different eggs. 

The experiments of Driesch and others have taught us that twins 
originate from one egg in this manner, namely, that the first two cells 
into which the egg divides after fertilisation become separated from 
each other. This separation can be brought about by a change in the 
chemical constitution of the sea-water, Herbst observed that if the 
fertilised eggs of the sea-urchin are put into sea-water wiiich is freed 
from calcium, the cells into which the egg divides have a tendency 
to fell apart. Driesch afterw'ards noticed that eggs of the sea-urchin 
treated with sca-water which is fi'ee from lime have a tendency to give 
rise to twins. The writer has recently found that twins cati be pro- 
duced not only by the absence of lime, but also through the absence of 
sodium or of {wtassium ; in other words, through tlie absence of one 
or two of the three important metals in tlie sea-water, lliere is, how- 
ever, a second condition, namely, that the solution used for the produc- 
tion of twins must have a neutral or at least not an alkaline reaction. 

Tlie procedure for the production of twins in the sea-urchin egg 
consists simply in this: — the eggs are fertilised as usual in noi-mal 
sea-water and then, after repeated washing in a neutral solution of 
sodium chloride (of the concentration of the sea-water), are placed in 
a neutral mixture of potassium chloride and calcium chloride, or of 
sodium chloride and potassium chloride, or of sodium chloride and 
calcium chloride, or of sodium chloride and im^iesium chloride. The 
eggs must remain in this solution until half an hour or an hour after 
they liave reached the two-cell stage. They are then transferred into 
normal sea- water and allowed to develop. From 50 to 90°/„ of the 
eggs of Strongyloceidrotne purpnratm treated in this maimer may 
develop into twins. These twins may remain sepaiate or groiv 
partially together and form double monsters, or heal together so 
completely that only slight or even no imperfections indicate tliat the 
individual stalled its career as a pair of twins. It is also possible to 
control the tendency of such twins to grow together by a change in 
the constitution of the sea-water. If we use as a twin-producing solu- 
tion a mixture of sodium, magnesium and potassium chlorides (in the 
proportion in wiiich th^e salts exist in the sea-water) the tendency of 
the twins to gi'ow together is much more pronounced than if we use 
simply a mixture of sodiiun chloride and magnesium chloride. 
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The mechanism of the origin of twins, as the result of altering 
the composition of the sea-water, is revealed by observation of the 
first segmentation of the egg in these solutions. This ccll-divisiou is 
mo<lified in a way which leads to a sepvration of the first two cells. 
If the egg is afterwards transferred back into norma] sea-water, cacit 
of these two cells develops into an independent embryo. Since 
normal sea- water contains all three metals, sodium, calcium, and 
iwtassium, and since it has besides an alkaline reaction, we perceive 
the reason why twins are not nomvally produced from one egg. 
These exiwriments suggest the possibility of a chemical cause for the 
origin of twins fi’om one egg or of double monstrosities in mammals. 
If, for some rea.son, tlie litjuids which surround the human egg a 
sliort time before and after the first cell-division are slightly acid, 
and at the same time lacking in one of the three imimrtaiit metals, 
the eonditions for the sei>an»tioii of the first two cells and the forma- 
tion of identical twins are providcci. 

In conclusion it may be pointed out that the reverse result, 
namely, the fusion of iiomially double organs, can also be brought 
about experimentally through a change in the chemical constitution 
of the sea-water. Stockard succeederl in causing the eyes of fish 
cmbiyos {f umlulm to fuse into a single Cyclopean eye 

throvigli tlie addition of magnesium chloride to the sea-water. Wlien 
he added alwut 6 grams of magnesium chloride to 100 cubic centi- 
metres of sea-water and placed the fertilised eggs in the mi.xture, 
about .50 7o of the eggs gave rise to one-eyed embryos, “\\1ien 
tlic embryos were studied the one-eye<l condition was found to result 
from the union or fusion of tlie ‘anlagcn’ of the two eyes. Cases 
were observed which showed various degi'ces in this fusion ; it 
api)cared as though tlic optic vessels were formed too far forward 
and ventral, so tliat their aiitero-ventro-modian surfaces fused Tliis 
produces one large optic cup, wliicli in all cases gives more or less 
evidence of its double nature^” 

^Vc have confined ourselves to a discussion of rather simple 
etlbcts of the change in the constitution of the sea- water uiwn de- 
velopment, It is a />rwri* obvious, however, that an unlimited 
number of lithological variations might be produced by a variation 
in the concentration and constitution of the sea-water, and c.xjKricncc 
confirms tliis statement As an example we may mention the abnor- 
malities observed by Herbst in tlie development of sea-urcliins through 
the addition of lithium to sea- water. It is, however, as yet impossible 
to connect in a rational way tlie effects produced in this and similar 
cases with tlie cause ivliich produced them ; and it is also impossible 
to define in a simple way tiie character of the change protliiced. 

' StOOk«rd, vIrcAtiy/i Val, p. 24D, 1907, 
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IIL The Influet^ce of Temperatuse, 

(a) The influence of temperature upon, the density of pelagic 
organmns and the duration of life. 

It has often been iiotked by explorers who have had a chance to 
compare the hmnas in different climates that in polar seas such 
species as thrive at all in those regions occur , as a rule, in much 
greater density than they do in the moderate or warmer regions 
of the ocean. This refers to those members of the fauna which live 
at or near the surface^ since they alone lend themselves to a 
statistical comparison. In his account of the Valdivia expeditioUy 
Chun^ calls especial attention to this quantitative difference in the 
surface fauna and flora of different regions. “In the icy water of 
the Antarctic, the temperature of which is below 0" C., we And an 
astonishingly rich animal and plant life. The same condition with 
wliich we are fainiliar in the Arctic seas is repeated here, namely, that 
the quantity of plankton material exceeds that of the temperate and 
warm seas.^' And again, in regard to the pelagic fauna in the region 
of the Kerguelen Islands, he states: “The ocean is alive with 
transparent jelly flsh, Ctenophores (Bolina and Callianira) and of 
Siphonopliore colonies of the genus Agalma,” 

Tlie paradoxical character of this general observatioit lies in the 
fact that a low temperature retards development, and hence should 
be expected to have the opposite effect from that mentioned by 
Chnn, Eecent investigations have led to the result that life-pheno- 
mena are affected by temperature in the same sense as the velocity 
of chemical reactions. In the case of the latter vaift Hoff had 
showm that a decrease in tenipei*ature by 10 degrees reduces their 
velocity to one half or less, and the same has been found for the 
influence of temperature on the velocity of physiolo^cal processes. 
Thus Snyder and T. B. Robertson found that the rate of heartbeat in 
the tortoise and in Daphnia is reduced to about one-half if the 
temperature is lowered 10” C-, and Maxwell, Keith Lucas, and 
Snyder found the same influence of temperature for the rate with 
which an impulse travels in the nerve, Peter observed that the 
rate of development in a sea-urchin's egg is reduced to less than one- 
half if the temperature (within certain limits) is reduced by 10 
degrees. Tlic same effect of temperature upon the rate of develop- 
ment holds for the egg of the frog, as Cohen and Peter calculatol 
from the experiments of 0. Hertwig, The writer found the same 
temperature-coefficient for the I'ate of maturation of the egg of a 
moUuse (Lottia), 

1 Chun, d4n Tie/en des Wdtm^ertSf p, 226, Jena, 1903, 
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All these facts prove tliat the velocity of development of animal 
life in Arctic re^ons, where the teinpeititurc is near the freezing 
point of water, nuist be from two to three times smaller than in 
regions where the tem|>cratnrc of the ocean is about 10^ C. and from 
four to nine times smaller than in seas the teinj>eniturc of which 
is about 20'' 0. It is, therefore, exactly tlie reverse of what we 
should expect when authors state that the density of organisms at or 
near the surface of the ocean in polar regions is greater than in more 
temperate regions. 

The writer l>elievcs that this iwradox fiiuk its explanation in 
ext>erimcnts which he has recently made on the influence of temi>cra- 
tui'c OTi the dnratioii of life of cold-blooded marine aiiinYals, Tlic 
experiments wei*c made on the fertilised and niifertilised eggs of the 
sca-urcliin, and yjchlc^l the rcsult^ that for the lowering of temiKsra- 
turc by ra the dumtion of life was about doubled* Ixiwcring the 
tem)>erature by KUlcgrees therefore prolongs the life of the organism 
2«, i.e* over a' thousand times, and a lowering by 20 d^ecs pm- 
longs it al>ont one million times. Since this prolongation of life 
is far in excess of the retardation of developnient through a low'cring 
of temperature, it is obvious that, in spite of the retardation of 
development in Arctic seas, animal life must be denser there than in 
temperate or tropical seas. The excessive increase of the tlunttion ot 
life at the i>ole^ will necessitate the simultaneous existence of more 
successive generations of the same siMJcics in these regions than in 
the tempemte or tropictii rcgioiis. 

The writer is inclined to believe that thase results have some 
bearing u|>on a problem which plays an im{K>rtant role in theories of 
evolution, namely, the cause of natimil deatli. It has been stated 
that the processes of diflerentiation and development lead also to the 
natimil death of the individual If we express this in chemical 
terms it means that the chemical processes which underlie devcloi>- 
ment also determine natural dcatlh Physical chemistry has taught 
us to ideutify two chcinical pi*occsscs even if only certain of their 
features are known. One of these mc<ms of identification is the 
ten’HHjraturc cocflicicnt. When two chemical processes arc identical, 
their velocity must be rhIhcwI l>y the same amount if the tempera- 
ture is low’cml to the same extent The temi>craUii'C coefficieiit for 
the duration of life of cold-blooded organisms seems, however, to 
difler enoniionsly from the temt>crature coeflicient for their rate of 
development For a difi'crcncc in temperature of lO^C* the duration 
of life is altered five hundred times us much as the rate of develop- 
ment ; and, for a change of 20^ C,, it is altered more than a hundred 
thousaml times as much. From this we may conclude that, at least 
for the sea-urchin eggs uiul embryo, the chemical processes which 
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determine natural death are certainly not identiavl with the pro- 
cesses which underlie their development T* B* Robertson has also 
arrived at the conclusion^ for quite dilferent reasons, that the process 
of senile decay is essentially different from that of growth and 
developinont 

(b) CJmnges in the mlonr of butterflies prodneed through tfie 
inflnmee of teinpenxime. 

The experiments of Dorfmeistcrj Weismann, Merrifield, Standfuss, 
and Fischer, on seasonal dimorphisin and the aben-ation of colour in 
butterflies liave so often been discussed in biological literature that 
a short reference to them will suflica By seasonal dimor[>hism is 
meant the fact tliat species may appear at different seasons of the 
year in a somewhat difTerciit form or colour. Vanessa proi^sa is the 
summer form, Vanessa levanu the winter form of the same speeiea 
By kceiiing the pupae of Vanessa prorsa several weeks at a tempera- 
ture of from 0^ to V Wcisinanii succeeded in obtaining from the 
summer chrysalids specimens which rasembled the winter variety, 
Vanessa levajia. 

If we wish to get a clear understanding of the causes of variation 
in the colour and i>atterii of butterflies, we must direct our attention 
to the experiments of Fischer, who worked with more extreme 
temi>cratures than his predecessors, and found that almost identical 
aberrations of colour could be prodneed by both extremely high and 
extremely low temperaturea This can be clearly seen from the 
following tabulated results of his observationa At the head of each 
cohunn the reader finds the temperature to which Fischer submitted 
the pupae, and in the vertical column below are found the varieties 
that were produced In the vertical column A are given the normal 
forms : 



Qo to -20^a 


0^ to + 10® a 


A. 
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Forme) 


+ 35" to 
+ 37“ C. 
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The reader will notice that tlie aberrations produced at a very 
low temperature (from O'" to — 20"" C.) are absolutely identical with 
the aberrations produced by exposing the pupae to extremely high 
temperatures (42® to 46® C-). Moreover the aberrations produced by 
a moderately low teinpemture (fiom 0® to 10® C\) are identical with 
the aberrations produced by a moderately higli temperature (36* to 

From these observations Fischer concludes that it is erroneous to 
^ycak of a siHicific eflect of high and of low temperatures, but that 
there must be a comnion cause for the aljermtion found at the high 
as well as at the low tempenitiirc limits* This cause he seems to find 
in the inhibiting effects of extreme tcmi>cmturcs uijon development 

If wc try to analyse such results as Fischcr*s from a physico* 
chemical point of view, wo must rc^ilise that what wc call life consists 
of a series of chemical reactions, which are connected in a catenary 
way ; inasmuch as one reaction or group of reactions (a) (ag. hydro^ 
lyses) causes or funnslies the material for a second reaction or gi'oup 
of reactions (b) (e*g* oxydations). We know that the temperature 
coefficient for physiological processes varies slightly at various parts 
of the scale; as a rule it is higher nearO* and lower near 30** 
But we know also that the temiMjrature coefticieiita do not vary 
equally for the various physiological processes* It is, therefore, to be 
exi>ected that the temperature coefficients for the group of reactions 
of the tyi>e (a) will not be identical through the whole scale with 
the temperature coefficients for the reactions of the type (6)* If 
therefore a certain substance is formed at the normal temperatui^ 
of the aniirml in such quantities as are nee<led for the catenary 
reaction (&), it is not to be expected that this s^ime perfect balance 
will be maintained for extremely high or extremely low tempera- 
tures ; it is more probable that one group of reactions will exceed 
the other and thus produce aberrant chemical effects, which may 
underlie the colour aberrations observed by Fischer and other 
experimenters. 

It is iini>ortaiit to notice that Fischer was also able to produce 
aberrations through the application of narcotics. Wolfgang Ostwald 
has produced experimentally, through variation of temperature, 
dimorpliism of form in Daphnia, I^ack of space precludes an account 
of these important experiments, as of so many others* 

IV. The Effects of Lioht, 

At the present day nobody seriously questions the statement that 
the action of light upon organisms is primarily one of a chemical 
character* While this chemical action is of the utmost importance 

17^2 
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for organisins, the nutrition of which depends upon the action of 
chlorophyll, it hccomes of less importance for organisms devoid of 
chlorophyll. Nevertheless, we find animals in which the formation of 
organs by regeneration is not possible unless they are o.'tposed to 
light. An observation made by the writer on the regenemtion of 
polyps in a hydroid, Eudendrium racmiosum, at Woods Hole, may 
be mentioned as an instance of this. If the stem of this Itydroid, 
which is usually covered with imlyijs, is put into an atjuariutn the 
polyps soon fall off. If the stems are kept in an aquarium where 
light strikes them during the day, a regeneration of numerous polyps 
takes place in a few days. If, however, the stems of Eudendrium are 
kept iKsrmanently in tlie dark, no }K>Iyps arc formed even after an 
interval of some weeks ; but they are formed in a few days after the 
same stems have been transferred from the dark to the light Diffused 
daylight .suffices for this effect Goldfarb, who reiieatcd these exi>eri- 
ments, states that an exijosure of comi>arativcly short duration is 
sufficient for this effect. It is {wssible that the light favours the 
formation of substances which are a prere<[uisite for the origin of 
polyjxs and their growth. 

Of inucli greater significance than this observation are the facts 
which show that a lai^e number of animals assume, to some extent, 
the colour of the ground on which they are placed. Ponchet found 
through exiwriments upon crustaceans and fish that this influence of 
the gi'onnd on the colour of animals is produced through the metiiiim 
of the eyes. If the eyes are removed or the animals made blind 
in another way these phenomena cease. The second general fact 
found by Pouchet was that the variation in the colour of the animal 
is brought about through an action of the nerves on the pigment-cells 
of the skin ; the nerve-action being induced through the agency of the 
eye. 

The mechanism and the conditions for the change in colouration 
were made clear througli the beautiful investigations of Kceblc and 
Gamble, on the colour-cliange in crustaceans. According to these 
authors the pigmcnt^ccHs can, as a rule, be considered as consisting of 
a central body from which a system of more or less complicated rami- 
fications or procc.sses spreads out in all directions. As a rule, the 
centre of the cell contains one or more diftci-ent pigments which under 
the influence of nerves can spread out scijaratcly or together into the 
ramifications. These phenomena of spreading and retraction of the 
pigments into or from the rainificatioiis of the pignient^cells form 
on the whole the basis for the colour changes under the influence 
of environment Thus Keeble and Gamble observed that J/acromysis 
flexuom appears transiKirent and colourless or grey on sandy ground. 
On a dark ground their colour becomes darker. These animats have 
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two pigmcntii in their chroinntopliorci^ a brown pigment ami a whitish 
or yellow pigment ; ttic former is imich more plentiful than the latter. 
\\^en the animal apiienrs transimrent all the pigment is eontained in 
the centre of the cells, while the ramifications arc free from pigment. 
When the animal api)cars brown both pigments are spread out into 
the ramifications. In the condition of maximal spreading the animals 
appear black. 

This is a comi»arativcly siini>le case. Much more complicated 
conditions were found by Kceblc and Gamble in other crnstaceans, 
ag. in Hip})otylecranchiiy but the influence of the snnxnnidings upon 
the colouration of this fonn was also satisfactorily analysml by these 
authors. 

While many animals show {ransitory changes in colour under the 
influence of their surroundings, in a few cases i>ermancnt changes can 
be produeml. The best examples of this arc those which were 
obscrvocl by Poulton in the chrysalids of various buttci*flies, csi>ecially 
the small tortoise-shell. These cx{)eriments arc so well known that a 
short reference to them will suffice. Poulton* found that in gilt 
or white surroimdings the pupae l»came light coloured nud there 
was often an immense development of the golden spots, “so that in 
many ca.scs the whole surface of the pupae glittered with an api>arcnt 
metallic lustre. So remarkable was the api)carauco that a physicist 
to whom I showed the chrysalids, suggested that I Iiad played a trick 
and had covered them witli goldlcaf." When black snrronndings 
were used “the puixic were as a rule extremely dark, with only the 
smallest trace, and often no trace at all, of the golden spots whicli arc 
so conspicuous in the lighter form.” The susceptibility of the animal 
to this influence of its surroundings was found to be greatest during 
a definite i)criod when the caterpillar nndcigoes the metamorphosis 
into the chrysalis stage. As far as the writer is au'arc, no physico- 
chemical explanation, except iwssibly Wiener's suggestion of colour- 
photography by mechanical colour adaptation, has ever been ofleiiod 
for the results of the tyi>e of those observed by Poulton. 

Effects of Gravitatios. 

(a) KxperUnents on the Cfjfj of the frog. 

Gravitation can only indirectly affect 1 ife- phenomena ; namely, 
when we have in a cell two diftcrent non- miscible liquids (or a liquid 
and a solid) of difterent 8i>ccific gravity, so that a change in the 
IKwjition of the cell or the organ may give results which can be traced 
to a change in the position of the two substances. This is very nicely 

’ PouUot^p E- B,, of AntmaU (The Sewntifie Serieti), London, 

p. m. 
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illustrated by the frog's egg, which has two layers of ver>^ viscous 
protoplasm one of which is black and one white. The dark one 
occupies normally the upper position in the egg and may therefore be 
assumed to possess a smaller specific gravity than the white substance. 
When the egg is turned with the white pole upwards a tendency 
of the white protoplasm to flow down again manifests itself It is, 
however, possible to prevent or retard this rotation of the highly 
viscous protoj)lasm, by compressing the eggs between horizontal 
glass plates. Such compression ex|>eriment8 may lead to rather 
interesting results, as 0. Schultze first jiointed out Pfluegcr had 
already shown that the first plane of division in a fertilised frog's 
egg is vertical and Roux established the feet that the first ]>lane 
of division is identical with the plane of symmetry of the later embryo, 
Schnltzc found that if the frog*s egg is turned upside down at Uie 
time of its first division and kept in this abnormal ijosltion, through 
compression between two glass plates for about hours, a small 
number of e^s may give rise to twins. It is possible, in this case, 
that the tendency of the black part of the egg to rotate upwards 
along the surface of the egg leads to a separation of its first cells, 
such a sepamtioii leading to the formation of twina 

T. II. Morgan made an interesting additional observation. He 
destroyed one half of the egg after the first segmentation and found 
that the half which remained alive gave rise to only one half of an 
embryo, thus confirming an older observation of Roux. When, how- 
ever, Morgan put the egg upside down after the destruction of one of 
the first tw'o cells, and compressed the eggs between two glass plates, 
tlie surviving half of the egg gave rise to a perfect embryo of lialf 
size (and not to a half embryo of normal size as before). Obviously 
in this case the tendency of the protoplasm to flow back to its normal 
]K>sition was partially successful and led to a |iartial or complete 
separation of t)ie living from the dead half ; whereby the former was 
enabled to form a whole embryo, which, of course, iKissessetl only 
half the size of an embryo originating from a whole egg. 

(6) Experiments on hydrokk. 

A striking influence of gravitation can be observed in a liydroid, 
Anienmdarki antennina^ from the bay of Naples. This hydroid 
consists of a long straight main stem which grows vertically upw'aixls 
and which has at regular intervals very fine and short bristle-like 
lateral branches, on the upper side of which the t>olyps grow. The 
main stem is negatively gcotropic, i.e. its apex continues to grow 
vertically upwards when wc put it obliquely into the aquarium, 
while the roots gi*ow vertically downwards. Tlie writer observed 
that when the stem is put horizontally into the water the short 
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lateral branches on the lower side give rise to an altogether dilFerent 
kind of organ, namely, to roots, and these roots grow indefinitely in 
length and attach themsclyes to solid bodies ; while if the stem had 
remained in its normal position no further growth would have 
occurred in the lateral branches* From the upper side of tlie hoi’i- 
zontal stem new stems grow out, mostly directly from the original 
stem, occasionally also from the short lateral branches. It is thus 
possible to force upon this hydroid an arrangement of organs which 
is altogether different from the hereditary arrangement* The writer 
had called the change in the hereditary arrangement of organs or the 
transformation of organs by external forces heteromorj}Jio$m Wc 
cannot now go any further into this subject, which should, however, 
prove of interest in relation to the problem of heredity. 

If it is correct to apply inferences drawn from the observation on 
the frog's egg to the behaviour of Antemmlaria, one might conclude 
that the cells of Antennularia also contain non-miscible substances of 
different specific gravity, and that wherever the specifically lighter 
substance comes in contact with the sea- water (or gets near the 
surface of the cell) the gi'owth of a stem is favoured ; while contact 
with the sea-water of the specifically heavier of the substances, will 
favour the formation of roots. 



VI. The Experimental Control of Animal Instincts. 

(a) Ea^rimenU on the mechanimn of Jieliotropie reaetimis in 
animals. 

Since the instinctive reactions of animals are as hereditarj^ as 
their morphological character, a discussion of experiments on the 
physico-chemical character of the instinctive reactions of animals 
should not be entirely omitted from this sketch. It is obvious that 
such experiments must begin with the simplest typo of iiistindB, if 
they are expected to lead to any results ; and it is also obvious that 
only such animals must be selected for this purpose, the reactions of 
which are not complicated by associative memory oi', as it may 
preferably be termed, associative hysteresis. 

The simplest type of instincts is represented by the purposeful 
motions of animals to or fi'oni a source of energy, e*g. light ; and it is 
with some of these that we intend to deal here* When wc expose 
'Winged aphides (after they have away from the plant), or 

young caterpillai's of Porthmm ehrpsort'hom (when they are aroused 
from their winter sleep) or marine or fresliwater copepods and many 
other animals, to diffused daylight falling in from a window, we notice 
a tendeney among these animals to move tow^ards tlie source of light* 
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[f the animals are naturally sensitive, or if they are rendered sensitive 
throiigli the agencies which we shall mention later, and if the light is 
strong enough, they move towards the source of light in as straight a 
line as the imperfections and peculiarities of their locomotor apparatus 
will permit. It is also obvious that we are here dealing with a forced 
reaction iii which the animals have no more choice in the direction of 
their motion than have the iron filings in their arrangement in a 
magnetic field This can be proved very nicely in the case of starving 
caterpillars of Porthesia. The writer put such caterpillars into a 
glass tube the axis of which was at right angles to the plane of the 
window : the caterpillars went to the w indow side of the tube and 
remained there, even if leaves of their food-plant were put into the 
tube directly beliind them. Under such conditions the animals 
actually died from starvation, the light preventing them from turning 
to the food, w^hich they eagerly ate when the light allowed them to 
do so. One cannot say that these animals, which we call positively 
heliotropic, are attracted by the light, since it can be shown that 
they go towards the source of light even if in so doing they move 
from places of a higher to places of a lower degree of illuininatioiL 

Tlic writer has advanced the following theory of these instinctive 
reactions* Animals of the type of those mentioned are automatiailly 
orientated by the light in such a way that symmetrical elements of 
their retina (or skin) are struck by the rays of liglit at the same 
angle. In this case the intensity of light is the same for both retinae 
or symmetrical parts of the skin. 

This automatic orientation is determined by two factors, first a 
peculiar photo-sensitiveness of the retina (or skin), and second a 
peculiar nervous contiection bet^veen the retina and the muscular 
apparatus* In symmetrically built heliotropic animals in which tlie 
symmetrical muscles participate equally in locomotion, the s^Tmnctrical 
muscles work with equal energy as long as the photo-chcmical pro- 
eesses in both eyes are identical. If, however, one eye is struck by 
stronger light than the other, the symmetrical muscles will work 
unequally and in positively heliotropic animals those muscles will 
work with greater energy which bring the plane of symmetry Imck 
into the direction of the rays of light and the head towards the 
source of light As soon as both eyes are struck by the mys of light 
at the same angle, there is no more reason for the animal to deviate 
from this direction and it will move in a straight line. All this holds 
good on the supposition that the animals are exposed to only one 
source of light and are very sensitive to light 

Additional proof for the correctness of this theor}" was furnished 
through the experiments of G. H. Parker and S. J. Holmes. The 
former worked on a butterfly, Vanessa anUope^ the latter on other 
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arthropoda All the animals were in a marked degree positively 
heliotropic. These authors found that if one cornea is blackened in 
such an animal, it moves continually in a circle when it is exposed to 
a source of light, and in those motions the eye which is not covered 
with paint is directed towards the centre of the circle* The animal 
behaves, therefore, as if the darkened eye were in the shade, 

{h) The pTOihwtiori of podtive hdiotropimi hy acids and other 
meam and the periodic depth-miijratiom of pelagic animals. 

When we observe a dense mass of copepods collected from a 
freshwater pond, we notice that some have a tendency to go to the 
light while others go in the opposite direction and many, if not the 
majority, are indifterent to light It is an easy matter to make 
the negatively heliotropic or the indifferent copepods almost instantly 
positively heliotropic by adding a small but definite amount of carbon- 
dioxide in the form of carbonated water to the water in which the 
animals are contained If the animals are contained in 50 cubic 
centimetres of water it suflices to add from three to six cubic centi- 
metres of carbonated water to make all the copepods energetically 
positively heliotropic* This heliotropism lasts about half an hour 
(probably until all the carbon-dioxide has again diffused into the 
air). Similar results may be obtained with any other acid. 

The same exi^eriments may be made with another freshwater 
crustacean, namely Daphiiia, with this difference, however, that it is 
UvS a rule necessary to lower the temperature of the water also. If 
the water containing the Daphniae is cooled and at the same time 
carbon-dioxide added, the animals which wei^e before indifferent to 
light now become most strikingly positively heliotropic. Marine 
copepods can be made positively heliotropic by the lowering of the 
temperature alone, or by a sudden increase in the couceutration of 
the sea- water. 

These data have a bearing upon the depth-migrations of pelagic 
animals, as was pointed out yeai'S ago by Thco. T. Groom and the 
writer. It is well known that many animals living near the surface 
of the ocean or freshwater lakes, Imve a tendency to migrate 
upwards towards evening and downw^ards in the morning and during 
the day. These i>eriodic motions are determined to a large extent, if 
not exclusively, by the heliotropism of these animals. Since the 
consumption of carbon-dioxide by the green plants ceases towards 
evening, the tension of this gas in the water must rise and this must 
have the effect of inducing positive heliotropism or increasing its 
intensity. At the same time the temperature of the water near the 
surface is lowered and this also increases the positive heliotropism in 
the organisms. 
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Tlie faint light from the sky is sufficient to cause animals which 
are in a high degree positirely heliotropic to move vertically upwards 
towards the light, as experiments with such pelagic aiiinials, e.g, 
coi)epods, have shown. When, in the morning, the absorption of 
carbon-dioxide by the green algae begins again and the temperature 
of the water rises, the animals lose their positive heliotropism, and 
slowly sink down or become negatively heHotropic and migrate 
actively downwards, 

'fhese experiments have also a bearing upon the problem of the 
inheritance of instincts. The character w inch is transmitted in this 
case is not the tendency to migrate periodically upwards and down- 
wards, but the positive heliotropism. The tendency to migrate is 
the outcome of the fact that periodically varying external conditions 
induce a periodic change in the sense and intensity of the heliotropism 
of these animals. It is of course immaterial for the result^ whether 
the carbon-dioxide or any other acid diffiise into the animal from the 
outside or w^hether they are produced inside in the tissue cells of the 
animals. Davcnjxirt and Cannon found that Daphniae, which at the 
beginning of the experiment, react sluggishly to light react much 
more quickly after they have been made to go to the light a few 
times. The writer is inclined to attribute this result to the effect of 
acids, e.g. carbon-dioxide, produced in the animals themselves in 
conseciuence of their motion. A similar effect of the acids was shown 
by A, D. Waller in the case of the response of nerve to stimuli. 

The writer observed many years ago that winged male and female 
ants are positively heliotropic and that their hcliotropie sensitiveness 
increases and reaches its maximum towards the period of nuptial 
flight Since the workers show no heliotropism it looks as if an 
internal secretion from the sexual glands were the cause of their 
heliotropic sensitiveness. V. Kellogg has observed that l>ccs also 
b^ome intensely positively lieliotropic at the period of their wedding 
flight, in fact so much bo that by letting light fall into the observation 
hive from above, the bees are prevented from leaving the hive through 
the exit at the lower end. 

We notice also the reverse phenomenon, namely, that chemical 
changes produced in the animal destroy its heliotropism. The cater- 
pillai^ of Porthesia chrymrrJioea are very strongly positively helio- 
tropic when they arc first aroused from their winter sleep. Tliis 
hcliotropie sensitiveness lasts only as long as they are not fed. If 
they are kept j>ermanently without food they remain permanently 
positively heliotropic until they die from starvation. It is to be 
inferred that as soon as these animals take up food, a substauce or 
substances arc formed in their bodies which diminish or annihilate 
their heliotropic sensitiveness. 
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Tho heliotropism of animals is identical with the heliotropism of 
plants. The writer has shown that the ex|jerimcnts on tlie ctfect of 
acids on the heliotropism of co|)epofis can be i^epeated with the same 
result in Volvox. It is therefore erroneous to try to explain these 
heliotropic reactions of animals on tlie basis of peculiarities {e.g. 
vision) which are not found in plants. 

We may bnefly discuss the (piestion of the transmission through 
the sex cells of such instincts as arc baaed upon heliotropism* This 
problem reiluces itself simply to that of the method wliereby the 
gametes transmit heliotropism to the larvae or to the adult The writer 
has expressed the idea that all that is neceasary for this transmission 
is the presence in the eyes (or in the skin) of tlie animal of a photo- 
sensitive substanca For the transtniasioti of this the gametes need 
not contain anything more than a catalyscr or ferment for the syn- 
thesis of the photo-sensitive substance in the body of the animal. 
Wiat has been said in regard to animal heliotropism might, if space 
permitted, be extended, mutamliSj to geotropism aiid stcreo- 

tropism. 

(c) The tropic remtimm of certain Umue-edh and the 7)u>rpho- 
genetic effects of tJiese reactions^ 

Since plant-cells show' heliotropic reactions identical with those of 
animals, it is not surprising that certain tissue-cells also show 
reactions which belong to the class of tropisms. These reactions of 
tissue-cells are of special interest by reason of their l>earing upon the 
inheritance of morphological characters. An example of tliis is found 
in the tiger-like marking of the yolk-sac of the embryo of Puudulus 
and in the marking of the young fish itself The wTiter found that 
the former is entirely, and tlie latter at least in part, due to the 
creeping of the chromatopliorcs upon tlie blood-vessels. The 
chromatophorcs are at firat scattered irregularly over the yolk-sac 
and show their characteristic raniificationa There is at tliat time no 
definite relation bet^veen blood-vessels and chromatophorcs. As 
soon as a rainificatioii of a chromatophore comes in contact with a 
blood-vessel the w^liole mass of the chromatophore creeps gradually 
on the blood-veasel and forms a complete sheath around tlie vessel, 
until filially all the chromatophorcs form a sheath around the vessels 
and no more pigment cells are found in the meshes between the 
vessels Nobody who has not actually watched the process of the 
creeping of the chromatophorcs upon the blood-vessels would antici- 
pate tliat the tiger-like colouration of the yolk-sac in the later stages 
of development was brought about in this way. Similar facts can 
be ol>served in regard to the first marking of the embryo itself 
Tlie writer is inclined to believe that we arc liere dealing with a ease 
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of chemotropisin, and that the oxygen of tlic blood may be the cause 
of tlie spreading of the chronmtophores around the blood-vessels. 
Certain observations seem to indicate the i>ossibiIity tliat in the adult 
the ohroniatophorcs have, in some forms at least, a more rigid 
structure and are prevented from acting in the way indicated. It 
seems to the writer that such observations as those nwle on Fiindulus 
might simplify the problem of the hereditary transmission of certain 
markings. 

Driesch 1ms fonnd that a tropism imderlics the arrangement of 
the skeleton in the iduteus larvae of the sea-urchin. The position of 
this skeleton is predetermined by tiie arrangement of the mesen- 
chyme cells, and biiesch has shown that these cells migrate actively 
to the place of tlieir destinatioii, jmssibly led there under the 
influence of certain chemical substances. Wiien Driesch scattered 
these cells mechanically before their migration, they nevertheless 
readied tlieir destination. 

In tlie developing eggs of insects the imclei, together with some 
cytoplasm, migrate to the periphery of the egg. Herbst pointed out 
that this might be a case of chemotropism, caused by the oxygen 
surrounding tlic egg. The w I'iter has expressed the opinion that the 
formation of the blastula may be caused generally by a tropic 
reaction of the bUmtomeres, the latter being forced by an outside 
influence to creep to the smface of the egg. 

These examples may sufllce to indicate that the arrangement 
of definite groups of cells and the morphological eflects resulting 
therefrom may be determined by forces lying outside the cells. Since 
these forces are ubi(|uitons and constant it apj>ears as if wc were 
dealing exclusively with the influence of a gamete ; while in reality 
all that it is necessary for the gamete to tmnsmit is a certain form 
of irritability. 

(</) Fact<}7^if which determine pluce mul time for tJie ilaposiikm 
of eggs. 

For the preservation of species the instinct of animals to lay 
their eggs in places in which the young larvae find their foml and 
can develop is of imramount itnixirtaiice. A simple example of this 
instinct is the fact that the commoti fly lays its eggs on putrid 
material which serves as food for the young larvae. When a piece 
of meat and of fat of the same animal arc placed side by side, the 
fly will dc]K>3it its eggs upon the meat on wdiich the larvae can grow, 
and not upon the fat, on which they would starve. Here we are 
dealing wdth the effect of a volatile nitrogenous substaucc which 
reflexly causes the peristaltic motions for the laying of the egg in 
the female fly. 
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Kaminercr lias investigated the conditions foi^ the laying of eggs in 
two forms of salamanders^ e,g. Salammidra atra and 8, ma^dosa* 
In both forms the eggs are fertilised in the body and begin to 
develop in the uterus* Since there is room only for a few larvae in 
the uteruSj a large number of eggs perish and this number is the 
greater the longer the period of gestatioiL It thus happens that 
wlien the animals retain their eggs a long time, very few young ones 
are bom ; and these arc in a rather advanced stage of development, 
owing to the long time which elapsed since they were fertilised* 
When tlie aiiiinal lays its eggs comparatively soon after copulation, 
many eggs (from 12 to 72) are produced and the larvae are of course 
in an early stage of development. In the early stage the larvae 
possess gills and can therefore live in water, while in later stages 
they have no gills and breathe through their lungs. Kammerer 
showed that both forms of Salamandra can be induced to lay their 
eggs early or late, according to the physical conditiotis suiTOunding 
them. If they are kept in water or in proximity to water and in 
a moist atmosphere they have a tendency to lay their eggs earlier 
aud a coinparativelj^ high temperature enhances the teiidoucy to 
shorten the peiiod of gestation. If the salamanders are kept in 
eom{)arative di*yness they show a tendency to lay their eggs mther 
late and a low teiupcrature enhances this tendency. 

Since Salamanilra atra is found in rather dry alpine regions 
with a relatively low temperature and Salammidra ifimoidoHa in 
lower regions with plenty of water and a higher temperature, the 
fact that 8* atra bears young which are already developed aud 
beyond the stage of aquatic life, while 8. mamdosa bears young oiies 
in an earlier stage, has been termed adaptation. Kammerer's experi- 
ments, however, show that we are dealing with the direct effects 
of definite outside forces. \Miilo we may S]>oak of adaptation when 
all or some of the variables w^hich determine a i^eactioii are un- 
known, it is obviously in the interest of further scientific progress 
to connect cruise and effect directly whenever our knowledge allows 
us to do so. 



VII. CoKCLiiDiNa Reihauks. 

Tlie discovei’y of l)e Yries, that new species may arise by muta- 
tion and the wide if not universal applicability of MendeFs Law 
to phciiomcna of heredity, as shown esi>ecially by Bateson and his 
pupils, must, for the time being, if not permanently, serve as a basis 
for theories of evolution. These discoveries place before the experi- 
mental biologist the definite task of producing mutations by pliysico- 
chemical means. It is true that certain authors claim to liave 
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succeeded in this, but the writer wislics to apologise to these authors 
for his inability to convince himself of the validity of their claims 
at the present moment. He thinks that only continued breeding 
of the.se apparent mutants through several generations can afford 
convincing evidence that we are here dealing with mutants rather 
than with merely pathological variations. 

^^^lat was said in r^rd to the production of new species by 
physico-chemical means may be reiieatcd with still more justification 
in regard to the second problem of transfonnation, namely the 
making of living from inanimate matter. Tlie purely moriihological 
imitations of bacteria or cells which physicists have now and then 
proclaimed as artificially produced living beings ; or the plays on 
words by which, e.g. the regeneration of broken erystals and the 
regeneration t>f lost limbs by a crustacean were declared identical, 
will not appeal to the biologist. We know that growth and develop- 
ment iti animals and plants are determineil by definite although 
complicated series of catenary chemical reactions, 'which result in 
the synthesis of a definite compound or group of compounds, namely, 
nucleins. 

Ihe nucleins have the peculiarity of acting as ferments or 
enzymes for their own synthesis. Thus a given type of nucleus will 
continue to synthesise other nuclein of its own kind. ITiis determines 
the continuity of a species ; since each species has, probably, its own 
specific nuclein or nuclear material. But it also shows us that 
whoever claims to have succeeded in making living matter from 
inanimate will have to prove that he has succeeded in producing 
nuclein material which acts as a ferment for its o'wn synthesis and 
thus reproduces itself. Nobody has thus far succeeded in this, 
although nothing warrants us in taking it for granted that this task 
is beyond the i»wer of science. 
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THE VALUE OP COLOUR IN THE STRUGGLE 

FOR LIFE 

By E* B- Poultok. 

Uofe Profe^BOT of ^oolftgy in ike University of Or/ord, 
l7it^roduekion. 

The following pages have been written almost entirely ft'om 
the historical stand-point* Their principal object has been to give 
some account of the impressions jiroduced on the mind of Darwin 
and his great compeer Wallace by various difficult problems sug- 
gested by the colours of living nature. In order to render the brief 
summary of Darwin's thoughts and opinions on the subject in any 
way complete, it was found necessary to say again much that has 
often been said before* No attempt has been made to display as a 
whole the vast contribution of Wallace ; but certain of its features 
are incidentaOy revealed in passages quoted from Darwin's lettera 
It is assumed that the reader is familiar with the weU-kiiown theories 
of Protective Reseinblaiice, Warning Colours, and Mimicry both 
Eatesian and Miillerian* It would have been superfluous to explain 
these oil the present occasion ; for a far more detailed account than 
could have been attempted in these pages has recently appeared ^ 
Among the older records I iiave made a point of bringing together 
the principal observations scattered through the note- books and 
collections of W. J. Burchell. These have never hitherto found 
a place in any memoir dealing with the significance of the colours of 
animals* 



Iwiflental Oolours, 

Darwin fully recognised that the colours of living beings are not 
necessarily of value as colours, but that they may be an incidental 
result of chemical or physical structure. Thus he wrote to T. Meehan, 
Oct* 9, 1874 : am glad that you are attending to the colours of 

^ Poulton, Essaifs Evolution^ Oxford, 1908^ pp. 293 — 382. 
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dioecious flowers ; but it is well to remember that their colours may 
be as unimportant to them as those of a gall, or, indeed, as the colour 
of an amethyst or ruby is to these gems^.” 

Incidental colours remain as available assets of the organism ready 
to be turned to account by natural selection. It is a probable specu- 
lation that all pigmentary colours were originally incidental ; but now 
and for immense periods of time the visible tints of animals have been 
modified and arranged so as to assist in the struggle with other 
organisms or in com’tehip. The dominant colouring of plants, on the 
other hand, is an essential element in the paramount physiological 
activity of chlorophyll. In exceptional instances, however, the shapes 
and visible colours of plants may be modified in order to promote 
concealment^. 



Teleology and Adaptation. 

In the department of Biology which forms the subject of this essay, 
the adaptation of means to an cud is probably more evident than in 
any other ; and it is therefore of interest to compare, in a brief 
intro(luctory section, the older with the new'er teleological views. 

The distinctive feature of Natural Selection as contrasted with 
other attempts to explain the process of Evolution is the part played 
by the struggle for existence. All naturalists in all ages must have 
knomi something of the operations of “Nature red in tooth and 
claw”; but it was left for this great theory to suggest that vast 
extermination is a necessary condition of progress, and even of main- 
taining the ground already gained. 

Realising that fitness is the outcome of this fierce struggle, thus 
turned to account for the first time, we are sometimes led to associate 
the recognition of adaptation itself too exclusively with Natural 
Selection. Adaptation had been studied with the wannest enthusiasm 
nearly forty years before this great theory was given to the scientific 
world, and it is difficult now to realise the impetus wliich the works 
of Paiey gave to the study of Natural History. That they did inspire 
the naturalists of the early part of the last century is clearly shown in 
the following passages. 

In the year 1824 the Ashmolean Museum at Oxford was intrusted 
to the care of J. S. Duncan of New College. He was succeeded in 
tliis office by his brother, P. B. Duncan, of the same College, author 
of a History of the Museum, which shows very clearly the influence of 
Paiey upon the study of nature, and the dominant position given to 
his teachings : “Happily at this time [ 1824 ] a taste for the study of 

^ More Lett6T& of CharUH l>arwin, Voh i. pp, 354, 355. Bye alBO the admira-ble 
aooount of ineiderttal colours m Descent of Man {2ud edit*), 1874, pp. 261, 262* 

^ See pp. 273, 276. 
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natural liiatory had lx!en excited in the UniTenjity by Dr Paley h very 
interesting work on Natimil Tlieology, and the very j>optiIar leeiitree 
of Dr Kidd on Comparative Aiiatoinyi and Dr Buckland on Geology.” 
In the atTangement of the eontenta of the Museum the illuatration of 
Paley’s work was given the foremoet place by J. S. Duncan : “ The 
first division proposes to fauiiliariase the eye to those relations of all 
natural objects which fonu the basis of argument in Dr Paley s 
Natural Theology ; to induce a mental habit of associating the view 
of natural phetiomciia with the conviction that they arc the media of 
Divine manifestation ; and by such association to give projier dignity 
to every branch of natural scicticel” 

llie gi'eat naturalist, W. J. Biirchcll, in his classical work shows 
the same recognition of adaptation in nature at a still earlier date. 
Upon the subject of collections he wrote*: “It uiiist not Ijc supi>use<l 
that these charms [the ptmsurcs of Nature] are produced by the mere 
discovery of new objects : it is the liarmoiiy with which they liave 
been adaptetl by the Cr^tor to each other^ and to the situations in 
which they are found, which delights the observer in countries where 
Art has not yet intn>duced her discords,” The remainder of tlie 
passage is so admirable that [ venture to quote it : “ To him who is 
satisficil with amassitig colleetions of curious objecbi, simi>Iy fur the 
pleiiHure of possessing them, such objects can afford, at best, but a 
childish gratification, faint and fleeting ; while he who extends Ins 
view beyond the narrow field of nomenclature, beholds a boundless 
ox[>anse, the exploring of which is worthy of the philosopher, and of 
the best talents of a reasonable being,” 

On September 14, 1811, Burchell was at Zand Valley (MeiX or 
Sand Pool, a few miles south-west of the site of Prieska, on the Orange 
River. Here he fouud a Mfsend^rpanthemum (Jf. turbini/orme, now 
*lf. trumatum) and also a (AcridianX closely iwembling the 

IKjbbles with which their locality was strewn. He says of both of 
these, “The intention of Nature, in these instanees, seems to have 
been the same as when she gave to the (fiianieleon the power of 
accommodating its color, in a certain degree, to that of the object 
nearest to it, in oilier to com]>ensate for the deficiency of its 
locomotive (>owers. By theii‘ form and color, this insect may 
unobserved by those birds, which otherwise would soon extiqiate a 
species so little able to elude its pursuers, and this juicy little 
Mesembryantbemum may generally escape the notice of cattle ami 



* Prom ffuCoTjf and Amm^fwheni tkf jiiJhinolraji MvAnm. bj P, B. Dnnemo ; noe 
pp. Hi of A Catalo^H£ of ih€ Athmoimm Muirant, Oxford, 1836. 

• riKirftf fn rfcr InUrior of SoiUkrm AfrioA, i^ondoti, Vol, i, 18312, p. SftS. The 
refbreneofl to BtireheirB oinerrAtiozii In the praieot es&xj ftre mdxptod from Iho xuthor'i 
xrtiole in /frpoit of the BritiMh otul South African duodoHomt 1905| Vol. m. pp. 57 — 110. 

D. 18 
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wild animals Burchell here seems to miss^ at least in part^ the 
meaning of the relationship between the quiescence of the Acridian 
aiid its cryptic colouring. Quiescence is an essential element in the 
protective resemblance to a stone— probably even more indispensable 
than the details of the tbrin and colouring* Although Burchell 
appears to overlook this j>oint he fully recognised the community 
between protection by concealment anti more aggressive inodes of 
defence ; for^ in the passage of which a part is quoted above, he 
si>ecially refers to some earlier remarks on p. of his VoL I, We 
here find that when the oxen were resting by the Jiik rivier (Yoke 
river), on July 19, 1811, Burchell observed ^^(Jeranimn with 

a fleshy stem anti large white flowei's, , . ; and a succulent species of 
Pelargonium., MO defended by the old pan icleSj grown to hard w^oody 
thorns, that no cattle could browze upon it/' He goes on to say, In 
this arid country, w^here every juicy vegetable w^ould soon be eaten 
up by the wild animals, the Great Creating Power, with all-provident 
wisdom, has given to such plants either an acrid or poisonous juice, 
or sharp thorns, to preserve the species from annihilation*../' AH 
these modes of defence, especially adapted to a desert environment, 
have since been genemlly recognised, and it is very interesting to 
place beside BtirchelVs statement the foUowiiig passage from a letter 
written by Darwin, Aug, 7, 1868, to G. iL Lewes; *^That Natural 
KSelection would tend to produce the most formidable thorns will be 
admitted by every one who has observed the distribution in South 
America and Africa {vid€ Livingstone) of thorn-bearing plants, for 
they always appear where the bushes grow isolated and are exjKJSed 
to the attacks of inammala Even in England it has been noticed 
that all spine-bearing and sting-bearing plants are palatable to 
quadrupeds, when the thorns are crushed^," 

Adaptation and Natural SeleeUon. 

I have preferred to show the influence of the older teleology upon 
Natural History by quotations from a single great and insufliciently 
appreciated naturalist* It might liave been seen equally well in the 
pages of Kirby and Spence and those of many other writers* If the 

^ Loc, cit. pp, 310, 311* Sea Sir Wiliiam ThiEeltoii'Djer ‘ ‘ Morphologica-l Notes,” x 3 *; 
'^ProteeUye Adaptfl*liions,” Aroians of Botany., Vol xi, p. 124* In plates vir* vm. and 
IX. accompanying this article the author represents the species observed by Burchell, 
together iFith others in which analogous adaptations exist. He writes: Burchell was 

clearly on the tract on which Darwin reached the goal. But the time had not come for 
emancipation from the old teleology. This, however, in no respect detracts from the merit 
or value of his work* Por, as Huxley has pointed out (Life Letters of Thovim Ilmry 
Ruxley^ London, 1900, r, p. 457), the facts of the old teleology are immediately transferable 
to Darwinism* which simply supplies them with a natural in place of a supernatural 
explanation.” 

^ ilforc Letters, i. p. 308* 
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older naturalists who thought and spoke with Burchell of “the intention 
of Katm'C '' and the adaptation of beings “ to each other, and to the 
situations in which they are found/' could have conceived the 
possibility of evolution^ they must have been led, as Darwin was, by 
the same considerations to Natural Selection, This w^as impossible 
for ttiem, because the philosophy which they followed contemplated 
the phenomena of adaptation as part of a static immutable system* 
Darwin, convinced that the system is dynamic and mutable, was 
prevented by these very phenomena from accepting anything short of 
the crowning interpretation offered by Natural Selection^ And the 
birth of Darwin’s unalterable conviction that adaptation is of 
dominant importance in the organic ^vorld, — a conviction confirmed 
and ever again confirmed by his exj>erience as a naturalist—may 
probably be traced to the influence of the great theologian* Thus 
Darwin, speaking of his Undergraduate days, tells us in his A uto- 
hiogro/phy that the logic of Paley's Eimlemes of CJirtstiaivity and 
Moral Philosophy gave him as much delight as (.lid Euclid 

“ The careful study of these w^orks, without attempting to learn 
any part by rote, was the only part of the academitjal course which, 
as I then felt and as I still believe, was of the least use to me in the 
education of my mind I did not at that time trouble myself about 
Paley's premises ; and taking these on trust, I w^as charmed and 
coiiviiiced by the long line of argumentations” 

"Wlien Darwin came to write the Origm he quoted in relation to 
Natural Selection one of Paley's conclusions, “No organ will be 
formed, as Paley has remarked, for the purpose of causing pain or for 
doing ail injury to its possessor^.” 

The study of adaptation always had for Darwin, as it has for 
many, a peculiar charm* His words, written Nov, 28 , 1880 , to 
Sir W. Thisclton-Dyer, are by no means inapplicable to-day : “ Many 
of the Germans are very contemptuous about making out use of 
organs ; but they may sneer the souls out of their bodies, and I for 
one shall think it the most interesting part of natural history 

Protective mid Aggres^im ResemUance: Procryptic and 
AnUeryptlc mlourmg. 

Colouring for the purpose of concealment is sometimes included 
under the head Mimicry, a classification adopted by IL W* Bates in 

1 had always hcen much struck by such adaptations [e*g. woodpecker and tree-frog 
for elimbiug* seeds for dispersal], and until these could be ejtplained it seemed to mo 
almost uaeleas to endeavour to prove by indirect evidence that species have been modified." 
Autobiography in Lip ftwd Letters of Charl^^ DanmUf YoL i. p. 82* The same thought is 
repeated again and again in Darwin’s letters to his friends. It ia forcibly urged in the 
Introduction to the Origin ^859), p. 3* 

3 Lip and Letters, i* p. 47* ® Origin of Species (1st edit.) 1359, p, 201. 

^ Move Letter Sf u. p. 42B. 

18—2 
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his classical paper. Such an arrangement ia mcunvenieiitf and I have 
followed Wallace iu keeping the two categories distinct. 

The visible colours of animals are far more coimnonly adapted for 
Protective Resemblance than for any other purpose. ^The concealment 
of animals by their colours^ shapes and attitudes, must have been well 
known from the period at which human beings first began to take an 
intelligent interest in Nature, An interesting early record is that of 
Samuel Felton, who (Dec, % 1763) figured and gave some account 
of an Acridian {Phylhteitix) from Jamaica, Of this insect he says 
thorax is like a leaf that is raised perpendicularlv from the 
bodyi," 

Both Protective and Aggressive Resemblances were appreciated 
and clearly explained by Erasmus Darwin in 1794 : “Tlie colours of 
many animals seem adapted to their purposes of concealing tlicm^ 
selves either to avoid danger, or to spring npon their prey^"' 

Protective Resemblance of a very marked and beautiful kind is 
found in certain plants, inhabitants of desert areas. Examples ob- 
served by Burchell almost exactly a hundred years ago have already 
been mentioiied on p, 273* In addition to the resemblance to stones 
Burchell observed, although he did not publish the iac4i, a South 
African plant concealed by its likeness to the dung of birds^. The 
observation is recorded in one of tlie manuscript journals kept by the 
great explorer during his journey, I owe the opportunity of studying 
it to the kindness of Mr Francis A* Burchell of the Rhodes University 
College, Grahamstown, Tlie following account is given under the 
date July 5, 1812, when Burchell was at the Makkwirin River, about 
half-way between the Kuriiman River and Litakun the old capital of 
the Bachapins^(Bechuanas) : found a curious little Crassula (not 

in flower) so snow white, that I should never has [have] distinguished 

it from the white limestones It was an inch high and a little 

branchy, and was at first mistaken for the dung of birds of the 

passerine order, 1 have often had occasion to remark that in stony 
place[s] there grow many small succulent plants and abound insects 
(chiefly Grylli) which have exactly the same color as the ground and 
must for ever escape observation unless a person sit on the ground 
and observe very attentively,'' 



^ PhiL Trims* liv. Tab, vi, p. 55* 

^ Zoorwmra, VoL i, p, 50 Si, London, 17ii4. 

“ Sir William Thiseltori'D)''er lias suggested the same method of concealment of 

Botany, Vol. xx, p, 123). Helerring to fa^yracea^ figured on plate ix,, the 

author says of its adaptive resemblance: “At the risk of suggesting one perhaps stjmewhat 
far-fetched, I must confess that the aspect of the plant always calls to my mind the 
dejecta of some bird^ and the more so owing to the whitening of the branches towards the 
tips*' (ioc, cit. p, 126). The student of insects, who is so familiar with this very form of 
protective resemblance in larvae, and even perfect insects, will not be inclined to 
consider the suggestion far-fetched. 
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The cryptic resemblaoces of animals impressed Darwin and 
Wallace in very different degrees, probably in part due to the fact 
that Wallace's tropical experiences were so largely derived from the 
insect world, in part to the importance assigned by Darwin to Sexual 
Selection “ a subject which had always greatly interested me,'' as he 
says in his Autobiof/rapky\ There is no reference to Cryptic 
Resemblance in Darwin's section of the Joint Essay, althougli he 
gives an excellent short account of Sexual Selection (sec p* 295), 
Wallace's section on the other hand contains the following statement: 
“Even the peculiar colours of inaTiy anitnals, especially insects, so 
closely resembling the soil or tlie leaves or the trunks on which they 
habitually reside, are explained on the same principle ; for though in 
the course of ages varieties of many tints may liave occurred, pet 
those races Juming mlours best adapted to mnmalmeM from thei/r 
enemies would inevitably survive the longest^ ^ 

It would occupy too much space to attempt any discussion of 
the difference betw^een the views of these tw^o natiiralist^s, but it 
is clear that Darwin, although fully believing iJi the efficiency of 
protective resemblance and replying to St George Mivart's con- 
tention that Natural Selection was incompetent to produce it^, never 
entirely agreed with Walhiee's estimate of its importance. Thus the 
following extract from a letter to Sir Joseph Hooker, May 21, 1868, 
refers to Wallace : “ I find I must (and I always distrust myself wdien 
I differ from him) separate rather widely from him all about birds' 
nests and protection ; he is riding that liobby to death It is clear 
from the account given in The Descent of Mmi% that the divergence 
was due to the fact that Darwin ascribed more importance to Sexual 
Selection than did Wallace, and Wallace more importance to Pro- 
tective Resemblance than Darwin, Tims Darwin wrote to Wallace, 
Oct 12 and 13, 1867: “By the way, I cannot but think that you push 
protection too far in some cases, as with the stripes on the tiger®/' 
Here too Darwin w^as preferring the explanation offered by Sexual 
Selection^, a preference which, considering the relation of the colouring 
of the lion and tiger to their respective environments, few naturalists 
will be found to sliare. It is also shown on p, 289 that Darwin con^ 
templated the possibility of cryptic colours such as those of Patagonian 
animals being due to sexual selection influenced by the aspect of 
surrounding nature, 

^ Life and Lettern^ YoL i, p. 

- Joiirn. Pro<T* Linn, Soe^ Yol. iii. p. 61- The italiCFi ai'e Wallace’s. 

® Origin |6th edit.) London, 1873, pp. iSli 182; see also p. 66. 

* Mure Lettei% i. p. 304. 

^ London, 1874, pp. 452 — 458. See alao Lip arid Letterfit in. pp. 123-— 125, and 
Letters, ir. pp. 53—63, 72^74, 76^78, 84— 90, 32, 33. 

^ More Letters, i. p. 283. ^ Descent of Man (2nd edit.) 1874, pp. 545, 546. 
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Nearly a year later Darwin in his letter of May 5, 1868?, expressed 
his agreement with Wallace's views: “Except that I should put 
sexual selection as an equal, or perhaps as even a more important 
agent in giving colour than Natural Selection for protection The 
conclusion expressed in the above quoted imssage is opposed by 
the extraordinary development of Protective Eesemblance in the 
immature stages of animals, especially insects. 

It must not be supposed, however, that Darwin ascribed an 
unimportant role to Cryptic Resemblances, and as observations 
accumulated he came to recognise their eflSciencj in fresh groups of 
the animal kingdoni. Thus he wrote to Wallace, May 5, 1867 : 
“ Hackel has recently well shown that the transparency and absence 
of colour in the lower oceanic animals, belonging to the most different 
classes, may be well accounted for on the principle of protection^/' 
Darwin also admitted the justice of Professor E. S, Morse's con- 
tention that the shells of molluscs are often adaptively coloured^. 
But he looked upon cryptic colouring and also mimicry as more 
especially IrYallace's departments, and sent to him and to Professor 
Meldola observations and notes bearing upon these subjects. Thus 
the following letter given to me by Dr A. R. Wallace and now, by kind 
permission, published for the first time, accompanied a photograph 
of the chrysalis of Papilio sarpedon ehoredim^ FelA, suspended from 
a leaf of its food-plant : 

July 

Down, 

Ueckekiiam, Kent. 

My Dear Wallace, 

Dr G, Kreflt has sent me the enclosed from Sydney. A 
nui^seryman saw a caterpillar feeding on a plant and covered the 
w^holc up, but when he searched for the cocoon [puj>a], w^aa long 
before he could find it, so good was its imitation in colour and form 
to the leaf to which it was attached. I hope that the world goes w^ell 
with you. Do not trouble yourself by aeknowiedging this. 

Ever yours, 

Ch, Darwik. 

Another deeply interesting letter of Darwin's, bearing upon pro- 
tective resemblance, has only recently been shown to me by my friend 
Professor E. B. Wilson, the great American Cytologist, IVith his kind 

^ More Letters y ii. pp. 77, 78. 

^ More hellers^ n, p. 62. See Descent of Man^ p. 261. 

^ More LeUerxj ii. p. 95. 



(c) The Complete Work of Charles Darwin Online 



Protective MesernMancs 279 

consent and that of Mr Francis Darwin, this letter^ wi'itten four months 
before Darwin's death on April 19, 1882, is reproduced here^ : 

December 21 , 1881 * 

Dear Sir, 

I thank yon much for having taken so nmcli trouble in 
describing fully your interesting and curious case of mimickry. 

I am in the habit of looking through many scientific JoiinialSj and 
though my memory is now not nearly so good as it was, I feel pretty 
sure that no such case as yours has been described (amongst the 
nudibi'anch) molluscs. You perhaps know the case of a fish allied 
to Hippocampus, (desciibed some years a^o by Dr Gunther in Proc. 
Zoolog^ Soef) which clings by its tail to sea-weeds, and is covered 
with waving filaments so as itself to look like a piece of the same sea- 
weed. llie pamllelism between your and Dr Gunther’s case makes 
both of them the more interesting ; considering how far a fish and 
a mollusc stand apart. It w.^ be difficult for anyone to explain 
such cases by the direct action of the environment*”-! am glad that 
you intend to make further observations on this mollusc, and I hoj>e 
that you will give a figure and if possible a coloured figure. 

With all good wishes fi'om an old brother naturalist, 

I remain, Dear Sir, 

Yours faithfully, 

Charles Darwin. 

Professor E. B. Wilson has kindly given the following account of 
the circumstances under which he had written to Darwin : ^^Thc case 
to which Darwin's letter refers is that of the nudibranch mollusc 
Segllma^ which lives on the floating Swrgamum and shows a really 
astonishing resemblance to the plant, having leaf-shaped processes 
very closely similar to the fronds of the sea- weed both in shaj)e and 
in color* The concealment of the animal may be judged from the 
fact that we found the animal quite by accident on a piece of 
SaTgmmm> that had been in a glass jar in the laboratory for some 
time and had been closely examined in the search for hydroids and 
the like without disclosing tlie presence upon it of two large specimens 
of the Seyllaea (the animal, as I recall it, is about two inches long). 
It was first detected by its movements alone, by someone (I think a 
casual visitor to the laboratory) who was looking closely at the 
Hdrgm^mn and exclaimed ' Why, the sca-weed is moving its leaves ' 1 

1 The letter ia addresaed : 

Edmund B, Wilson, Eaq., Aaaistant in Biology, *Tohn Hopkine University, Baltimore 

Md., U* States/' 
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We found the example in the summer of 1880 or 1881 at Beaiifoi% 
N.O., where the Johns Hopkins laboratory was located for the time 
l>eing. It must have beeu seen by many others, l>eforc or since. 

wrote and sent to Darwin a short description of the case at the 
suggestion of Brooks, with whom I was at the time a student I was, 
of course, entirely unknown to Darwdii (or to anyone else) and to me 
the principal interest of Darwin's letter is [the evidence that it gives 
of his extraordinary kindness and friendliness towards an obscure 
youngster who had of course absolutely no claim upon his time or 
attentioiL The little incident made an indelible impression upon my 
memory and taught me a lesson that was worth learning.” 

Variable Protective ReMmhlance. 

The wonderful power of rapid colour adjustment possessed by the 
cuttle-fish was obscrveil by Darwin in 1B32 at St Jago, Cape de Verd 
Islands, the first place visited during the voyage of the Beagle. 
From Rio he wrote to Henslow, giving the foliowring account of his 
observations, May IB, 18^12: “I took several specimens of an Octopus 
which possessed a most marvellous power of changing its colours, 
ecfualling any chameleon, and evidently accommodating the changes 
to the colour of the giouiid which it passed over* Yellowish green, 
iliirk brown, and red, were the prevailing colours ; this fact appears 
to l>e new, as far as I can find out^” 

Darwin was well aware of the power of individual colour ad- 
justment, now known to be |>os8eased by large numbers of Lepi- 
dopterous pupae and larvae* An excellent example was brought 
to his notice by C* V, Riley*, wliile the mmt striking of the early 
results obtained with the pupae of butterflies — those of Mrs M. E. 
Barber upon Paptlio niretis — was communicated by him to the 
Entomological Society of Ijondon®* 

It is also necessary to direct attention to C* W* Beebe s* recent 
discovery that the pigmentation of the plumage of certain birds is 
increased by confinement in a stiperhumid atmosphere. In Scarda- 
fella inm^ on which the most complete series of ex[>enments was 
made, the changes took place oidy at the moults, whether normal aud 
annual or artificially induced at shorter periods. There was a corre- 
s|x>ndiug increase in the chomidal pigment of the eye. At a certain 

' Life ciRil Leiiert^ i* pp. t35, *236. See dso Darwin's J^yunml of ReuarcheB, 1876, 
pp. 6--S, where a fjir more detailed aocoQiil U giren together with a referenoe to of 

dwfif. and PhtftioL 

* More LetUra^ n* pp, 365, 386. 

* Trom, Ent. Soc, Lsmd. 1874, p. SIS, Soe al»0 Jfore LtUera^ u* p. 463. 

^ N.F, ZtmL Soe* Yol, i. No. 1, Sept, 25, 1907 : Qeojftophie poriation itt 

birth vtith etpeeieU reference to the eSecit of ftnniidtly* 
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advanced stage of feather pigmentation a brilliant iridescent bronze 
or green tint made its appearance on tliose areas where iridescence 
most often occurs in allied genera. Thus in birds no less than in 
insects, characters previously regarded as of taxonomic valucj can be 
evoked or withheld b}" the forces of the eiiviromnent* 



Warnuig or Aposematic ColaurH. 

From Uarwiu's description of the colours and liabits it is e\ddent 
that he observed, in 1B33, an excellent exam}>le of warning colouring 
in a little South American toad (Phrgmsetis n/igricmis). He described 
it in a letter to Henslow^ written from Monte Video, N^ov, 24, 1832 i 
“As for one little toad, I hope it may be new, that it may be 
christened * diaboliens/ Milton must allude to this very individual 
when he talks of ^ squat like a toad'; its colours are by Werner 
[Nomenelature of Oolom% 1821] ink black, vermilion red and buff' 
orange In the Journal of Besearehes^ its colours are described as 
follow^s ; “If we imagine, first, that it had been steeped in the blackest 
ink, and then, when dry, allowed to crawl over a board, freshly 
painted with the brightest vermilion, so as to colour the soles of 
its feet and parts of its stomach, a good idea of its appearance will 
be gained ” “Instead of being nocturnal in its habits, as other toads 
are, and living in damp obscure recesses, it crawls during the heat of 
the day about the dry sanddullocks and arid plains,. . The appearance 
and habits recall T* Belt's well-known description of the conspicuous 
little Nicaraguan frog which he found to be distasteful to a 
diick^ 

The recognition of the Warning Colours of caterpillars is due 
in the first instance to Darmn, who, reflecting on Sexual SelectioTi, 
was puzzled by the splendid colours of sexually immature organisms. 
He applied to Wallace who has an innate genius for solving 
difficulties*/* Darwin's original letter exists^, and in it we are told 
that he had taken the advice given^ by Bates : “You had better ask 
Wallace/' After some consideration Wallace replied that he believed 
the colours of conspicuous caterpillai’s and perfect insects were a 
warning of distastefuhiess and that such forms would be refused 
by birds. Darwin's reply® is extremely interesting both for its 

1 ilfoTtf Letters, i. p. 12. 2 97. 

^ The Naturalist in Niearaffua {2nd edit.) London, 1883, p. 321. 

* Deseent of Man, p. 325. On tliifi and the following page an eioellent aceonnt 
of the discovery will be fomid, &b well as in Wallace's Natural Selection, London, 1875, 

pp. 117^122. 

^ Life and Letters, ni. pp. 93, 94. 

^ Life and Letters, lU. pp. 94, 95. 



(c) The Complete Work of Charles Darwin Online 



282 



Colour and the Struggle for Life 

enthusiasm at the brilliancy of the hypothesis and its caution in 
acceptance without full confirmation : 

“ Bates was quite right ; you are the man to apply to in a 
difficulty, 1 never heard anything more ingenious than your 
suggestion^ and I hope you may be able to prove it true* That is 
a splendid fact about the white moths it warms one's very blood to 
see a theory thus almost proved to be true*” 

Two years later the hypothesis was proved to liold for caterpillars 
of many kinds by J, Jenner Weir and A. G, Butler^ >vhose olDScrva- 
tions have since been abundantly confinned by many naturalists, 
Darwin wrote to W^eir, May 1^1, 1869 : “Your verification of Wallace's 
suggestion seems to me to amount to quite a discovery I” 



llewgniUo7i or Epuematie Cho/racters* 

This principle does not appear to have been in any way foreseen 
by Darwin, although he draws sjjecial attention to several elcincnts 
of ])attern which would now be interpreted by many uatiiralists as 
episemes. He believed that the markings in question interfered with 
the cryptic effect, and came to the conclusion that, even when 
common to both sexes, they “are the result of sexual selection 
primarily applied to the male^” The most familiar of all recognition 
characters was carefully explained by him, although here too ex- 
plained as an ornamental feature now ecpially transmitted to both 
sexes : “ The hare on her form is a familiar instance of conceabnent 
through colour ; yet this principle partly fails in a closely-allied 
species, the rabbit, for when running to its burrow, it is made 
conspicuous to the sportsman, and no doubt to all beasts of prey, by 
its upturned white taiD*” 

Tlie analogous episematic use of the bright colours of flowers 
to attract insects for cflectiug cross-fertilisation and of fruits to 
attract vertebrates for effecting dispersal is very clearly explained 
in the Origm^, 

it is not, at this point, necessary to treat sematic characters at 
any greater length. They will form the subject of a large part of the 
following section, where the models of Batesian (Pseudaposematic) 
mimicry are considered as welt as the Miilleriaii (Synaposematic) 
combinations of Warning Colours* 

^ A single white moth which was rejected hy jomig fciirlceys^ while other oioth^^ were 
greedily devoured : Natural Selectioni 1875, p, 78. 

^ More Leiten^ ir. p, 71 (footnote), ^ Be&c.&nt of p* 544, 

* Descent of Man, p. 542. 

^ Ed- 1872, p, 161, For a good es^mple of Dai’ win’s cantion in dealing with except ionfi 
see the allusion to brightly coloured fruit in More Dettei% ii* p* 848* 
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Mimicry^ — Balmimi or Pseudaposematic, MiilleHan or 
Synaposeniatic, 

The existence of superficial resemblance?! between animals of 
various degrees of affinity must have been observed for hundreds 
of years* Among the early examples, the best known to me have 
been found in the manuscript note-books and collections of W, J* 
Burchellj the great traveller in Africa (1810—15) and Brazil (1825 — 
80). The most interesting of his records on this subject are brought 
together in the following paragraphs. 

Conspicuous among well-defended insects are the dark steely or 
iridescent greenisli blue fossorial wasps or sand-wasps, SpMx and 
the allied genera* Maiiy Longicorn beetles mimic these in colour, 
slender shape of body and limbs, mpid movements, and the readiness 
with which they take to flight. On Dec. 21, 1812, Burch ell captured 
one such beetle {Fromeces viridis) at Kosi Fountain on the journey 
from the source of the Kiiriiman PMver to Klaarwater. It is correctly 
placed among the Loiigicorns in his catalogue, but opposite to its 
number is the comment Sphex ! totus purpureas.” 

In our own country the black-and-yellow colouring of many 
stinging insects, esj>ecially the ordinary w^asps, affords perhaps the 
commonest model for mimicry. It is reproduced with more or less 
accumey on moths, flies and beetles* Among the latter it is again a 
Longicorn which offers one of the best-known, although by no means 
one of the most perfect, examples. The appeai^ance of the well- 
known “wasp-beetle” {Clytm anetis)m the living state is sufficiently 
suggestive to prevent the great majority of ]}eople from touching iL 
In BurchelVs Brazilian collection there is a nearly allied species 
(Neoclytiis eurvatm) which appears to be somewhat less w^asp-Iike 
than the British beetle. The specimen bears the number “1188,” 
and the date March 27, 1827, when Burchell w^as collecting in the 
neighbourhood of San Paulo. Turning to the correspond iijg number 
in the Brazilian note-book we find this record : “ It runs rapidly 
like an ichneumon or w^asp, of which it has the appeai*ance*” 

ITie formidable, well-defended ants are as freely mimicked by 
other insects as the sand-wasps, ordinary wasps and bees. Tims 
on February 17, 1901, Guy A* K* Marshall captured, tiear Salisbury, 
Mashonaland, three similar species of ants (Hymenoptera) with a bug 
(Hemiptera) an<l a Lociistid (Orthoptera), the two latter mimicking 
the former. All the insects, seven in number, were caught on a single 
plant, a small bushy vetch \ 

This is an interesting recent example fi'om South Africa, and 
large numbers of others might be added — the observations of many 

^ Truna. Ent. Soc, Tjmd. 1902, p, 53o, plato xijc. ligs. 53 — 59. 
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naturalists in many lands ; but nearly all of them known since that 
general awakening of interest in the subject wdiich was inspired 
by the gi'eat hypotheses of U, W. Bates and Fritz MilUer. We find, 
however, that Bnrchell had more than once recorded the mimetic 
resemblance to ants* An extremely ant-Hkc bug (the larva of a 
species of Algdm) in his Brazilian collection is labelled ^*1141,” with 
the date December R, 1826, when Bnrchell was at the Rio das Fed r as, 
CubatSo, near Santos. In the note-book the record is iis follows : 
^^1141 Cimex. I collected this for a Formica.'' 

Some of the chief mimics of ants are the active little hunting 
spiders belonging to the family Attidae. Examples have been 
brought forward during many recent years, especially by my friends 
I>r and Mrs Peckham, of Milw^aukee, the great authorities on tlua 
group of Araiieae, Here too we find an observation of the mimetic 
resemblance recorded by Burchell, and one wliich adds in the most 
iiitoresting manner to our knowledge of the subject. A fragment, 
all that is now- left, of an Attid spider, captured on June 80, 1828, 
at Goyaz, Brazil, beai-s the following note, in this case on the si>ecimen 
and not in the note-book: “Black... runs and seems like an ant with 
large extended jaws." My friend Mr R. I. Pocock, to w horn T have 
submitted the specimen, tells me that it is not one of the group 
of species hitherto regarded as ant-like, and he adds, “It is most 
interesting that Burchell should have noticed the resemblance to an 
ant in its movements. This suggests that the perfect imitation in 
shape, as well as in movement, seen in many species was started in 
forms of an appropriate size and colour by the mimicry of movement 
alone." Up to the present time Burchell is the only naturalist w^ho 
has observed an example wliich still exhibits this ancestral stage in 
tlie evolution of mimetic likeness. 

Following the teacldiigs of his day, Burchell was dilven to believe 
that it was part of the fixed and inexorable scheme of things that 
these strange superficial resemblances existed. Thus, when he found 
other examples of Hemipterous miinics, including one (Luteva 
nmeroj^hfhalma) with “ exactly the maimers of a Mantis," he added 
the sentence, “In the genus Okmx (Liiiii.) are to be found the 
outward resemblances of insects of many other genera and orders " 
(Februaiy Ifi, 1829). Of another Brazilian bug, wliich is not to be 
found in his collection, and cannot therefore be precisely identified, 
he wrote: “Ui"mca?.,.]!fatiire seems to have intended it to imitate 
a Sphex^ both in colour and the rapid palpitating and movement of 
the antennae (November 15, 1826). At the same time it is im- 
possible not to feel the conviction that Burchell felt the advantage 
of a likeness to stinging insects and to aggressive ants, just as he 
recognised the benefits conferred on desert plants by spines and by 
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concealment (see pp* 275, 276, 276), Such an interpretation of 
mimicry was perfectly consistent with the theological doctrines of 
his day I 

The last note I have selected from Burcheirs manuscript refers to 
one of the chief mimics of the highly protected Lycid beetles. The 
whole assemblage of Africati insects with a Lycoid colouring forms 
a most imiTortant combination and one which has an interesting 
bearing upon the theories of Bates and Fritz Miiller. This most 
wonderful set of mimetic forms, described in 1902 by Guy A. K. 
Marshall, is composed of liower-haiinting beetles belonging to the 
family lyycidaej and the heterogeneous group of varied insects which 
mimic their conspicuous and simple scheme of colouring. The Lycid 
beetles, forming the centre or models of the whole company, are 
orange- brown in front for about tivo- thirds of the cxy>osed surface, 
black behind for the remaining third They are undoubtedly pro- 
tected by qualities wdiich make them excessively unpalatable to the 
bulk ot insect-eating animals. Some experimental proof of this has 
been obtained by Mr Guy Marshall. What are the forms which 
surround them? According to the hypothesis of Bates they would 
be, at any rate mainly, palatable hard-pressed insects w^hich only 
hold their own in the struggle for life by a fraudulent imitation of 
the trade-mark of the successful and po^v^erful I/yeidc[£. According 
to Fritz Muller's hypothesis we should expect that the mimickers 
would be highly protected, successful and abuodaTit species, which 
(metaphorically speaking) have found it to their advantage to j>ossess 
an advertisement, a danger-signal, in common with each other, and 
in common with the beetles in the centre of the group* 

How for does the constitution of this wonderful combination— the 
largest and most complicated as yet known in all the world— convey 
to us the idea of mimicr}' working along the lines supposed by Bates 
or those suggested by Muller ? Figures 1 to 52 of Mr Marshall's 
coloured plate ^ i*epresent a set of forty-two or forty-three species or 
forms of insects captured in Mashoiialand, and all except tw^o in the 
neighbourhood of Salisbury* The combination includes six species of 
Lyeidae ; nine beetles of five groups all specially protected by 
nauseous qualities, Telephoridae, Mel/yHdae^ Phytophaga, LagriidAxe, 
Cmithar^^ae ; six Longicorn beetles ; one Coprid beetle ; eight 
stinging Hymeno2>tera ; tliree or four parasitic Hymenoptcra {Bracmi- 
idae^ a group much mimicked and shown by some experiments to 
be distasteful) ; five bugs (Hemiptera^ a largely unpalatable group) ; 
three moths {Arctiidae and Zygamiid(Xjc^ distasteful families) ; one fly. 

^ See Kirby and Spence, A n Jntroduction io Entomology (1st edit.), London, Vol. ri. 1817, 

^ Trana. Ent* Soc, Land. 1&02, plate xviii. See also p. 517, ’where the group is analysed. 
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In fact the i^^hole combination^ except perhaps one Phytophagous^ one 
Coprid and tlio Loiigicorn bcetlesj and the fly, fall under tlie liypothesis 
of Muller and not under tliat of Bates* And it is very doubtful 
whether these exceptions will be sustained: indeed the siLSpicion of 
unpalatability already besets the Longicorns and is always on the 
heels, — I should say the hind tarsi— of a Phytophagous beetle. 

This most remarkable gi'oup \vhich illustrates so well the 
problem of mimicry and the alternative hypotheses pro]_>osed for its 
solutiouj waSj as 1 have said, first described in 1902. Among the 
most perfect of the mimetic resemblances in it is that between the 
Loiigicorn bcctlCj Amphklesmus mmlw^ and the It was with 

the utmost astoiiislimcnt and pleasure that I found this very re- 
semblance had almost certainly been observed by BiirchelL A 
sjiecimen of the AitipMdesfmis exists in Ids collection and it l^ears 
“651.'' Turning to the same number in the African Catalogue we 
find that the beetle is correctly placed among the Longicorns, that it 
was cajiturcd at Uiteiihagc on Nov. 18, 1813, and that it was found 
associated with Lycid beetles in flowers (“consocians cum Lycis 
78 — 87 in floribus''). Looking up Nos. 78- — 87 in the collection and 
catalogue, three species of Lyaidae are found, all captured on Nov. 18, 
1813, at Uitenhage. Burchell recognised the wide dilference in affinity, 
showui by the distance between the respective numbers ; for his 
catalogue is arranged to represent relationships. He observed, w^hat 
students of mimicry arc only just beginning to note and record, the 
coincidence between model and mimic in time and space and in 
habits. We are justified in concluding that he observed the close 
superficial likeness although he does not in this case expressly allude 
to it. 

One of the most interesting among the early observations of super- 
ficial resemblance between forms remote in the scale of classification 
was made by Darwui himsell^ as described in the following passage 
from his letter to Henslow, written from Monte Video, Aug. 15, 1832 : 
“Amongst the low^er animals nothing has so much interested me as 
finding tw^o species of elegantly coloured true Planmda inhabiting 
the dewy forest! Tlie false relation they bear to snails is the most 
extraordinary tliing of the kind 1 have ever seenk'' 

Many years later, in 1867, he wi\>te to Fritz Mliller suggesting 
that the resemblance of a soberly coloured British ITanarian to a 
slug might be due to mimicry^. 

The most interesting copy of Bateses classical memoir on Mimicry^, 
read before the Linnean Society in 1861, is that given by him to the 

^ Mi}T£ Lftiers^ i. p, E>* ^ Life and LetUrSj ril. p. 71. 

^ “ OonLribiitious to an Insect Fauoa of the Amazon Valley.” Trans. Linn. Soc. Yol. 
xxin. 18(32, p. 495. 
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man who has done most to support and extend the theory. My kind 
friend has given that copy to me ; it bears tlie inscription : 




Only a year and a half after the publication of the Origin, we find 
that Darwin wrote to Bates on the subject which was to provide such 
striking evidence of the truth of Natural Selection; “1 am glad 
to hear that you have specially attended to ^mimetic' analogies — a 
most curious subject ; I hope you piiblish on it I have for a long 
time wished to know whether what Dr Colhiigwood aaserts is true— 
that the most striking cases generally occur between insects in- 
habiting the same country^,” 

The next letter, written about six months later, reveals the re- 
markable fact that the illnsti'ious naturalist who had anticipated 
Edward Forbes in the explanation of arctic forms on alpine heights^, 
had also anticipated H. W. Bates in the theory of Mimicry ; What a 
capital paper yours will be on mimetic resemblauces 1 You will make 
quite a new subject of it, 1 had thought of such cases as a difficulty ; 
and once, when corresponding with Dr Colliiigwood, I thought of your 
explanation ; but I drove it from my mind, for I felt that I had nut 
knowledge to judge one way or the othcr^'' 

Bates read his paper before the Lionean Society, Nov. 21, 1861, 
and Darwin's impressions on heaiiiig it were conveyed in a letter 
to the author dated Dec, 8: “Under a general point of view, I am 
quite convinced (Hooker and Huxley took the same view some months 
ago) that a philosophic view of nature can solely be driven into 
naturalists by treating sj>ecial subjects as yon have dona Under 
a special point of view, I think you have solved 0 !ie of the most 
perplexing problems which could be given to solved' The memoir 

^ The letter is dated April 4^ 18R1. iltforc LelterSj i. p, 133, 

^ •'! was forestalled in onlj one important point, which my vanity has always made 
me regret, namely, the explanation by means of the Giacial period of the presence of 
the same speciea of plants and of aome few animals on distant mountain summits and in 
the arctic regions. This view pleased me so mtieh that I wrote it ont in extenso, and 
I believe that it was read by Hooker some years before E. Forbes published his celebrated 
toernoir on the subject. In the very few points iu which wo differed, I still think that I 
w^as in the right. 1 have never, of eourse, alluded in print to luy having independently 
worked onfc this view.’^ Autobio^mphyt Life and Letters^ i. p. 88, 

^ The letter is dated Sept. 25, 1861 r Letters, i. p. U)7, 

^ Life and XeJters, ii. p. 378. 
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appeared in the following year, and after reading it Darwin 
wrote ae follows, 5 Tot. 20, 1862: mj opinion it k one 

of the most remarkable and admirable papers I ever read in my 

life J am rejoiced that I passed over the whole subject in the 

Origin, for I should have made a predons mess of it. You have 
most clearly stated and solved a wonderful problem./.... Your paper is 
too good to be largely appreciated by the mob of naturalists without 
souls ; but, rely on it, that it will have lasthig value, and I cordially 
congi'atulate you on your first great work. You will find, I should 
think, that Wallace will fully appreciate it^.” Four days later, 
Nov. 24, Darwin wrote to Hooker on the same subject: “I have 
now finished his paper...; it seems to me admirable. To my mind 
the act of segregation of varieties into species was never so plainly 
brought forwani, and there are heaps of capital miscellaneous 
observations®.” 

Darwin w^as here referring to the tendency of similar varieties 
of the same species to pair together, and on Nov. 25 he wrote to 
Bates asking for fuller information on this subject^. K Bates's 
opinion were well founded, sexual selection w^oiild bear a most im- 
portant part in the establishment of such species^ Tt must be 
admitted, however, that the evidence is as yet quite insufficient to 
establish this conclusion. It is interesting to observe how Darwin at 
once fixed on the part of Bates's memoir which seemed to bear upon 
sexual selection. A review of Bates's theory of Mimicry was con- 
tributed by Darwin to the Natural Historg Reriew^" and an account 
of it is to be found in the Origin^ and in The Descent of Mard. 

Darwin continually pyrites of the value of hjqwthesis as the 
inspiration of inquiry. We find an example in his letter to Bates, 
Nov. 22, 1860: “T have an old belief that a good observer really 
means a good theorist, and I fully expect to find your observations 
most valuable I” Darwin's letter refers to many problems upon 
w^hich Bates had theorised and observed, but as regards Mimicry itself 
the hypothesis was thought out after tlie retuni of the letter from the 
Amazons, when he no longer had the opportunity of testing it by the 
observation of living Nature. It is by no means improbable that, 
had he been able to apply this test, Bates would have recognised 
that his division of butterfly resemblances into two classes, — one due 



^ I^ifi and Letters, ii. pji. 391 — &9B. 

* ilfore Letter&t i. p. 214. 

® Mate Letters, r. p. 215. See also parts of Darwin letter to Bates in Life and 
Letters, n. p. 392. 

See Poulton, Essays on Eralntian, 1908, pp. 65, 85—88, 

^ New Sot. Vol. ur. 1863, p. 219. ® Ed. 1872, pp. 37o — 378. 

? Ed. 1874, pp, 323—325. ® Mare Letters, i, p. 176. 
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to the theory of mimicry, the other to the influence of local con- 
ditions, — could not he Miistained 

F’ritz Muller's contrihiitions to the problem of Mimicry were all 
made in S.E, Brazil, and iiumlierH of them were communicated, with 
other observations on natural history, to Darwin, and by him sent 
to Professor R Meldola who publish^ many of the facta Darwin's 
letters to Meldola^ contain abundant proofs of his interest in Mtiller's 
work upon Mimierj, One deeply iiitereBtiug letter* datetl JaiL 23, 
1B72, proves that Fritz Muller l>efore he origtiiated the theory of 
Common Warning Colours (Synai>osematic Resemblance or Mullerian 
Miinicry), which will ever be asHociated with his name, had conceived 
the idea of the pnnliiction of mimetic likeness by sexual flelcctioii. 

Darwin’s letter to Meldola shi>ws that he was by no means incUiied 
to dismiss the suggestion as worthless, although he considered it 
daring. ‘'You will also see in this letter a strange spectilalion, which I 
shouhl not dare to publish, about the appreciation of certain colours 
being developed in those species which firquently Ijehold other forms 
similarly ornamented I do not feel at all sure that this view is 
as incredible as it may at first appear. 8imilar ideas have fiassed 
through my mind when considering the dull colours of all the 
organisms which inhabit duU-cohmred regions, such as Patagonia and 
the flalapagos Is/' A little later, on April 5, he wrote to Jh ofewsor 
August Weisnmnn on the same subject: “It may be suspected that 
oven the habit of viewing differently coloured suiToiiiKling objects 
would influence their taste, mid Fritz Miiller even goes so far as to 
believe that the sight of gaudy butterflies might influence the taste 
of distinct species*/' 

This remarkable suggestion affords interesting evidence that 
F. Muller was not satisfied with the suflSciencj of Bates's theory. 
Nor is this surprising when we think of the numbers of abundant 
conspicuous butterflies which he saw^ exhibiting mimetic likem^§sea 
Tlie common instances in his locality, and indeed everywhere in 
tropiail America, were aiiytliiiig but the liard-presse<l struggling 
forms assumed by the tlicory of Hates. They Ijelongcd to the grou[)s 
which were themselves mimicked by other butterflies. Fritz Muller's 
suggestion also shows tliat he did not accept Bates's alternative 
explanation of a siiperflcial likeness between mmlels theiHRelves, Imsed 
on some unknown influence of hx^l physico-chemical forces. At the 
same time Muller's own suggestion was subject to this apparently 
fatal objection, that the sexual selection he invoked would tend 
to produce reseinblances in the males rather than the females, while it 

* Pool ton. Ckarle$ Dancim itihi theory ef N^tivrai SeUcHont London. 1S96, pp. 
199-^216. 

* hoc, ctl. pp. 201, 202. * Life and l^Uertf ill. p. 157. 
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iti well known that when the hoxch (lifter the fcmaleH are ahiioat 
invariably more perfectly mimetic tliaii the malca and in a high 
pro[K)rtion of caoca are mimetic while the malea are noii-minietic. 

The difficulty wa« met several yeani later by Friti Miiller’a well- 
known tlieorv', puUishe*! in 1B79*, aiwl immediately translated by 
Meldola and l^uglit before the khitomological Society*. Darwin's 
letter to Meldola dated June 6, IH/O, ahows “that the fiiat intro- 
dnetion of thia new and moat auggeative hypothcaia into thin country 
was due to tlie direct influence of Darwin hinwelf, who broiiglit it 
Itefore the notice of the one man who was likely to appreciate it 
at its true value and to And the meaiiH for its presentation to Knglish 
natnraliHts®,'' Of the hypothuHis itself Darwin wrote “F. Mliller’s 
view of the iiiutnal protection was (piito new to me*." The hy[K)- 
theaiH of Miillcrian mimicry was at firat strongly opponed. llates 
himself <x>uld never make up his mind to accept iL As the Fellows 
were walking out of the meeting at which Profeiwor Meldola explained 
the hypothesis, an eminent entomologist, now deceased, was beard to 
say to Bates: “It's a owe of save nw: from my fnendsl* The new 
ideas encountered and still encounter to a great extent the difficulty 
that the theory of Bates had so completely penetrated tlie literature 
of natural history'. The present writer has observed that naturalists 
who have not thoroughly absorbed the older hypothesis are usually 
far more iinijressed by the newer one than arc those whose allegiaiico 
has already been rendered. The accepttvnce of Natural Seleetioii itself 
was at first hindered by similar causes, as Darwin clearly recognised ; 
“If you argue al>out the non-acceptance of Natural Selection, it seems 
to me a very striking bet that the Newtonian theory of gravitation, 
which seems to every one now so certain and plain, was rejected by a 
man so extraordinarily able as Leiboita. The truth will not penetrate 
a preoccupied mindV’ 

There are many naturalists, especially students of iiisectSi, who 
ap|iear to entertain an inveterate hostility to any theory of mimicry, 
.Home of them are eager investigators in the fascinating field of 
geographical distribution, so essential for the study of Mimicry itself. 
The changes of pattern nndergone by a species of as wo follow 

it over difiereiit parts of tbe mountain ranges of Europe is indeed 
a ninst interesting Iwpiiry, but not more so than the ditfereiuxM 
between c.g. the Arroco johmitoui of H.K. lUiodesia and of Kiliman- 
jaro. A naturalist who is interested by the Erebiti should be ei|ually 
interested by the Arniru ; aial so he would be if tlie student of 

> Kmmc, Msr 187>, |t. 100. * J>rwc. £«. Stt. Lmi. 1S79, p. ix. 

* €hmtln Drnrmim, mwd fikf Tk§a^ of p. tl4. * IM. p. Sll* 

* To Sir Hooker* Jiilj tH, 1 h 6S, Mere i. p. SOS. See mbo lb« lettet to 

A, E. WoUooe* April iO, 186S, in Mm n. p. 77* lioee from top. 
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mimicry did not also record that the cliaracteristics which distinguish 
the northern from the southern individuals of the African species 
correspond with the presence, in the north but not in tlie south, 
of certain entirely different butterflies. That this additional informa- 
tion should so greatly weaken, in certain minds, the appeal of a 
favourite study, is a psychological problem of no little interest. 
This curious antagonism is I believe confined to a few students of 
insects. Those naturalists who, standing rather farther off, are able 
to see tlie bearings of the subject more clearly, will usually admit the 
general support yielded by an ever-gi-owiug mass of observations 
to the theories of Mimicry propounded by H. W. Bates and Fritz 
Muller, III like maimer natural selection itself was in the early days 
often best understood and most readily accepted by those who were 
not naturalists. Thus Darwin wrote to D. T. Ansted, Oct. 27, 1860: 
1 am often in despair in making the generality of naturalists even 
comprehend me. Intelligent men who arc not naturalists and Lave 
not a bigoted idea of the term species, show more clearness of 
mind^.” 

Even before the Orif/m appeared Darwin anticipated the first 
results upon tlie mind of naturalists. He wrote to Asa Gray, Dec. 21, 
1859; “I have made up my mind to be well abused; but I think it of 
importance that my notions should be read by intelligent men, 
accustomed to scientific argument, though twt naturalists. It may 
seem absurd, but I think such men will drag after them those 
naturalists who have too firmly fixed in their heads that a species 
is an entity^.” 

Mimicry was not only one of the firat great departments of zoo- 
logical knowledge to be studied under the inspiration of Natural 
helectioii, it is still and will always remain one of the most interesting 
and important of subjects in relation to this theory as well as to 
evolution. In mimicry we investigate the effect of environment in its 
simplest fomi ; we trace the effects of the pattern of a single species 
upon that of another far removed from it in the scale of classification. 
W hen there is reason to believe that the model is an invader from 
another region and has only recently become an element in the 
environment of the species native to its second home, the problem 
gains a special interest and fascination. Although we are chiefly 
dealing with the fleeting and changeable element of colour we expect 
to find and we do find evidence of a comparatively rapid evolution. 
The invasion of a fresh model is for certain species an nnusually 
sudden change in the forces of the environment and in some instances 
we have grounds for the belief that the mimetic response has not 
been long delayed. 

^ More Letters, i. p. 175. s Li/e and Lettere, n. p. 24.5, 

19—2 
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Mimiery and Sex. 

Ever since Wallace's classical memoir on mimicry in the Malayan 
Swallowtail butterlliesj those naturalists who have written on the 
subject have followed his interpretation of the marked prevalence of 
mimetic resemblance in the female sex as compared with the mala 
They have believed with Wallace that the greater dangers of the 
femalCj with slower flight and often alighting for oviposition, have 
been in part met by the high development of this special mode of pro- 
tection. The fact cannot be doubted. It is extremely common for a 
non-mimetic male to be accompanied by a beautifully mimetic female 
and often by two or three different forms of female^ each mimicking a 
different model The male of a polymorphic mimetic female is, in fact, 
usually lion-mimetic (e.g. Papilio da-rdmim = merope% or if a mimic 
(e.g. the Nymphaline g^m\^ Euripm\ resembles a veiy different model 
On the other hand a non-mimetic female accompanied by a mimetic 
male is excessively rare. An example is afforded by the Oriental 
Nymphaliiiej Cethoda, in which the males of some species are rough 
mimics of the brown Danaines. In some of the orb- weaving spiders 
the males mimic ants, while the much larger females are non-ndmetfo 
When both sexes mimic, it is very common in butterflies and is also 
known in moths, for the females to be better and often for better 
mimics than the males. 

Although still believing that Wallace's liypothesis in large part 
accounts for the facts briefly summarised above, the present writer 
has recently been led to doubt w^hether it oflers a complete explana- 
tion, Mimicry in the male, even though leas beneficial to the species 
than mimicry in the female, would still surely be advantageous. 
Why then is it so often entirely restricted to tine female ? While the 
attempt to find an answer to this question was haunting me, I re-read 
a letter written by Darwin to Wallace, April 15, 1868, containing the 
following sentences : “When female butterflies are more brilliant than 
their males you believe that they have in most cases, or in all cases, 
been rendered brilliant so as to mimic some other species, and thus 
escape danger. But can you account for the males not having 
been rendered equally brilliant and equally protected ? Although 
it may be most for the welfare of the species that the female should 
be protected, yet it would be some advantage, certainly no dis- 
advantage, for the unfortunate male to enjoy an equal immunity from 
danger. For my part, I should say that the female alone had happened 
to vary in the right manner, and that tlie beneficial variations had 
been transmitted to the same sex alone. Believing in this, I can 
see no improbability (but from analogy of domestic animals a strong 
probability) that variations leading to beauty must often have occurred 
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in the males alone^ and been transmitted to that sex alone. Thus 
I should aecoiirit in many cases for the greater beauty of the male 
over the female^ without the iieofl of the protective principle 

Tlie consideration of the facts of miinicr}' thus led Darwin to the 
conclusion that the female happens to vary in the right manner more 
commonly than the male, while the secondary sexual characters of 
males supported the conviction ^^tliat iroiii some unknown cause such 
characters [viz, new characters arising in one sex and transmitted to 
it alone] apparently appear oftener in the male than in the female^” 
Comparing these conflicting arguments wo are led to believe that 
the first is the stronger. Mimicry in the male would be no dis- 
advantage but an advantage, and when it appears would be and is 
taken advantage of by selection. The secondary sexual characters 
of males would be no advantage but a disadvantage to females, and, 
as Wallace thinks, are withheld from this sex by selection. It is 
indeed possible that mimiciy has been hindered arid often prevented 
from passing to the males by sexual selection. Wo know that Darwin 
was much impressed^ by Thomas Belt s daring and brilliant suggestion 
that the ^yhite patches which exist, althoogh ordinarily concealed, on 
the wings of mimetic males of certain Pierhiae (DimmphiaX have 
been preserved by prelereiitial mating. He supposed this result 
to have been brought about by the females exhibiting a deep-seated 
preference for males that displayed the chief ancestral colour, inherited 
from periods before any mimetic pattern had been evolved in the 
species. But it hns always appeared to me that Belt's deeply interest- 
ing suggestion requires much solid evidence and repeated confirmation 
before it can be accepted as a valid interpretation of the facts. In the 
pi^esent state of our knowledge, at any rate of insects and especially 
of Lepidoptera, it is probable that the female is more apt to vary than 
the male and that an important element in the interpretation of 
prevalent female mimicry is provided by this fact. 

In order adequately to discuss the question of mimicry and sex it 
would be necessary to analyse the whole of the facts, so far as they are 
known in butterflies. On the present occasion it is only possible to 
sbite the inferences which have been drawn from general impressions, 
— inferences which it is believed will be sustained by future inquiry. 

^ More LetterE^ ii, pp. 73, 74. On the mmo subjeet— the gay-coloared females of 
PieriE** [Ferrhybriis {Myf.othri$) pyrrho of Brazil], Darwin wrote to Wallace, May 5, 1868, as 
foOoivs: “I believe I quite follow you in belie’ving that the colours are wholly due to 
mimicry ; and I fnviher believe that the male ia not brilliant from not having received 
through inheritance eolour from the female, and from not himself having varied; in short, 
that he has not been inliaeneed by selection.” It should be noted that the male of this 
species does exhibit a mimetic pattern on the under surface. More Letters^ it. p. 78. 

Letter from Darwin to Wallace, May d, 1867, More Letters, ii. p, 61. 

® Descent of Man, p. 325. 
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(1) Mimicry may occasionally arise in one sex because the 
differences which distinguish it from the other sex happen to be such 
as to afford a starting-point for the resemblance- Here the male 
is at no disadvantage as compared with the female, and the rarity 
of mimicry in the male alone (e-g. Ceihosia) is evidence that the great 
predominance of female mimicry is not to be thus explained- 

(2) The tendency of the female to dimoi’phisni and polymorphism 
has been of great importance in determining this predominance. 
Thus if the female appear in two different forms and the male in only 
one it will be twdee as probable that she will happen to possess a 
sufficient foundation for the evolution of mimicry, 

(B) The appearance of melanic or partially melanic forms in the 
female has been of very great service, providing as it does a change of 
ground-colour. Thus the mimicry of the black genei-ally red-marked 
American *^4ristoIochia swallowtails” {Phtirmaeophagus) by the 
females of Papilio swallowtails was probably begun in this way. 

(4) It is probably incorrect to assume with Haase that mimicry 
always arose in the female and was later acquired by the male. Both 
sexes of the third section of swallowtails {Comnodemnm) mimic 
Pharmaeophagiui in America, far more perfectly than do the females 
of PapiUo* But this is not due to Comnodesmim presenting us with 
a later stage of the history begun in Papilio ; for in Africa Commo- 
des mim is still mimetic (of Danmnae) in both sexes although the 
resemblances attained are imperfect, while many African species of 
Papilio liave non-mimetic males with beautifully mimetic females. 
The explanation is probably to be sought in the fact that the females 
of Papilio are more variable and more often tend to become di- 
morphic than those of Cosmodmmm, while the latter group has more 
often happened to possess a sufficient foundation for the origin of 
the resemblance in patterns whicli, from the start, ivere comiiioii to 
male and female. 

(5) In very variable species with sexes alike, mimicry can be 
rapidly evolved in both sexes out of very small beginnings. Thus 
the reddish marks which are common in many individuals of Ldmenitis 
artkemis w^erc almost certainly the starting-point for the evolution of 
the beautifully mimetic L. arokippiiB^ Nevertheless in such cases, 
although there is no reason to suspeet any gi^eater variability, the 
female is commonly a somewhat better mimic than the male and 
often a very much better mimic, Wallace's principle seems here 
to supply the obvious interpretation, 

(6) Mrlien the difference between the patterns of the model and 
presumed ancestor of the mimic is very great, the female is often alone 
mimetic ; when the difference is comparatively small, both sexes are 
commonly mimetic. The Nymphaline genus Hg^^olwmas is a good 
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example* In Hypolimnm itself the females mimic Dmminae with 
patterns very ditferent from those preserved by the iion-mimotic 
males: in the sub-genus Ev/ralia^ both sexes resemble the black 
and wdiite Ethiopian Eauaines with patterns not very dissimilar from 
that which we infer to have existed in the non-mimetic ancestor, 

(7) Although a melanic form or other large variation may be 
of the ntmost importance in facilitating the start of a mimetic 
likenesSj it is impossible to exjilain the evolution of any detailed 
resemblance in this manner* And even the large colour yariation 
itself may well be the expression of a minute and '^continuous” 
change in the chemical and physical constitution of pigments* 

Sexual Sdectioifi {Epigamw Characters). 

We do not know the date at which the idea of Sexual Selection 
arose in Darwin's mind^ but it was probably not many years after the 
sudden flash of insight w^hicli, in October 1838, gave to him the 
theory of Natural Selection. An excellent account of Sexual 
Selection occupies the concluding paragraph of Part i, of Darwin's 
Section of the Joint Essay on Natural SelectioUj read July 1st, 1858, 
before the Linneaii Society \ The principles are so clearly and 
sufliciently stated in these brief sentences that it is appropriate to 
quote the whole: Besides this natnral means of selection, by which 

those individuals are preserved, whethei^ in their egg, or larval, or 
mature state, which are best adapted to the place they fill in nature, 
there is a second agency at work in most unisexual animals, tending 
to produce the same effect, namely, the struggle of the males tor the 
females* These struggles are genei'ally decided by the law of battle, 
but iu the case of birds, apparently, by the charms of their song, 
by their beauty or their power of courtship, as in the dancing rock- 
thrush of Guiana. The most vigorous and healthy males, implying 
perfect adaptcition, must generally gain the victory in their contests* 
This kind of selection, however, is less rigorous than the other; it 
does not require the death of the less successful, but gives to them 
fewer descendants. The struggle falls, moreover, at a time of year 
when food is genei’ally abundant, and j>erhaps the eftect chiefly pro- 
duced would be the modification of the secondary sexual characters, 
which are not related to the power of obtaiiiing food, or to defence 
Iroin enemies, but to fighting with or rivalling other males. Ihe 
result of this struggle amongst the males may be compared in some 
respects to that produced by those agriculturists who pay less 
attention to the careful selection of all their young animals, and more 
to the occasional use of a choice mate/' 

^ Jtium. Proe. Lhm. Soc. Vol* ni. 1859, p. 50. 
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A full exposition of Sexual Selection appeared in The Descent of 
Man iti 1871, and in the greatly augmented second edition, in 1 874. 
Tt has been remarked that the two subjects, The Descent of Man and 
Selection in Relation to Sem, seem to fuse somewhat imperfectly 
into the single work of which they fonn tlie title. The i-eason for 
tlieir association is clearly shown in a letter to Wallace, dated May 
538, 1864: “...I suspect that a sort of sexual selection has been the 
most powerful means of changing the races of man\” 

Darwin, as we know from his Autobiography®, was always gi'eatly 
interested in this hypothesis, and it has been shown in the preceding 
pages that he was inclined to look favourably upon it as an interpre- 
tation of many appearances usually explained by Natural Selection. 
Hence Sexual Selection, incidentally discussed in other sections of 
the present essay, need not be considered at any length, in the section 
specially allotted to it. 

Although so interested in the subject and notwithstanding his 
conviction that the hypothesis was sound, Darwin was quite aware 
that it was probably the most vulnerable part of the Origin. Thus 
he wrote to H. W. Bates, April 4, 1861 : “If I had to cut up myself in 
a review I would have [worried?] and quizzed sexual selection; there- 
fore, though I am fuUy convinced that it is largely true, you may 
imagine how pleased I am at what you say on your belieR” 

Tlje existence of sound-producing organs in the males of insects 
was, Darwin considered, the strongest evidence in favour of the 
operation of sexual selection in this group* Such a conclusion has 
received strong support in recent years by the numerous careful 
observations of Dr F. A. Dixey® and Dr G. B. Longstaff^ on the 
scents of male buttei'fiies. The experience of these naturalists 
abundantly confirms and extends the account given by Fritz Miiller^ 
of the scents of certain Brazilian butterflies. It is a remarkable fact 
that the apparently epigamic scents of male butterflies should be 
pleasing to man while the apparently aposematic scents in both sexes 
of species with warning colours should be displeasing to him. But 
the former is far more surprising than the latter. It is not perliaps 
astonishing that a scent which is ex hypotliesi unpleasant to an 
insect-eating Vertebrate should be displeasing to the human sense ; 
but it is certainly wonderful that an odour W'hich is ex hypothesi 
agreeable to a female butterfly should also be agi'eeable to man. 



' More Letters, ii, p. 33. s Life Letters, r. p, 94. 

^ More Letters, i. p. 183. ‘ Life and Letters, iii, pp, 94, 138. 

“ Proe. Ent. Soc. Loud. 1904, p. Ivi; 1905, pp, xsxvii, liv; 1906, p. ii, 

* Proe. Ent. Soc. Loud. 1903, p. iixv ; Tracis. Ent. Soc. Lond. 1905, p. 136 ■ 1908 
(). 607. 



’ Jen. Zeit. Vol. si, 1877, p, 99; Trans. Ent. Soc. Land. 1878, p. 211. 
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Entirely new light upon the seasonal appearance of epigamic 
characters is shed by the recent researches of C* W* Beebe who 
caused the scarlet tanager {Piranga erk^thromda^ and the bobolink 
{J)olidionyx oryzivorui) to I'etain their breeding plumage through 
the whole year by means of fattening food, dim illumination, and 
reduced activity* Gradual restoration to the light and the addition 
of meal’Worms to the diet invariably brought back the spring song, 
even in the middle of winter. A sudden alteration of temperature, 
either higher or lower, caused the birds nearly to atop feeding, and 
one tanager lost weight rapidly and in two weeks moulted into the 
olive-green winter plumage. After a year, and at the beginning of 
the normal breeding season, '^individual tanagers and bobolinks were 
gi’adually brought under normal conditions and activities,” and in 
every case moulted from nuptial plumage to nuptial plumage. “ The 
dull colors of the winter season had been skipped,” Tlie author justly 
claims to have established “that the sequence of plumage in tiiese 

birds is not in any way predestined through inheritance , but 

that it may be inteiTupted by certain factors in the environmental 
complex.” 



^ Tht American Naturalut, Vol, No. Jao. 1908, p, 34. 
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GEOdRAPHICAL DISTRIBUTION OF PLANTS 

By Sm AViLLiAiti Thiselton-Dyee, KC.M.G., ai.R, SaD, F.R.S. 

The publication of The Origin of Speeies placed the study of 
Botanical Geography on an entirely new basis. It is only nccessai’y 
to study the monumental G4ographie Botanique raisomi^ of 
Alphonse De Candollej published four years earlier (1855), to realise 
how profound and far-reaching was the change. After a masterly 
and exhaustive discussion of all available data De Candolle in his 
final conclusions could only arrive at a deadlock. It is sufficient to 
quote a few sentences : — 

^^Lopinion de Lamarck est aujourd*ffiii abandoimte par tous lea 
naturalistes qui ont etudii sagement les modifications possibles des 
^trcs organises... , 

“ Et si Ion s’^carte des exag^rations de Lamarck, si Ton suppose 
mi premier type de chacpie genre, de chaque famille tout au moins, 
on se trouve encore k Tigard de lorigine de ces types en presence de 
la grande question de la creation. 

“ Le seui j>arti k prendre est done d’envisager les ^tres organises 
comme existant depuis certaines 4poques, avec leui^ qualitds par- 
ticulikres^” 

Reviewing the position fourteen years afterwards, Bentham re- 
marked These views, generally received by the great majority 
of natnivilists at the time De Candolle wrote, and still maintained 
by a few, must, if adhered to, check all further enquiry into any 
connection of fiicts with causes,'' and he added, “ there is little doubt 
but that if De Candolle were to revise his work, he would follow the 
example of so many other eminent naturalists, and.. -insist that the 
present geographical distribution of plants was in most instances a 
derivative one, altered from a very different former distribution^.” 

Writing to Asa Gray in 1856, Darwin gave a brief preliminary 
account of his ideas as to the origin of species, and said that 

i Tol. n. p. 1107. Pres. AMr. (I860} Froc. Lim. Soc. 1868—09, p. Ixviii. 
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geographical distribution must be one of the tests of their validity^. 
Wiat is of supreme iiiterest is that it was also their starting-point. 
He tells us : — “ When I visited, during the voyage of H.M.S. Beaglet 
the Galapagos Archipelago,.. J fancied myself brought near to the 
very act of creation. I often asked myself how these many peculiar 
animals and plants had been produced: the simplest answer seemed 
to be that the inhabitants of the several islands had descended from 
each other, undergoing modificatioii in the course of their descent^/' 
We need not be surprised then, that in MTitiug in 1845 to Sir Joseph 
Hooker, he speaks of “that grand subject, that almost keystone of the 
laws of creation, Geographical Distribution^.” 

Yet De Candolle was, as Bentham saw, unconsciously feeling his 
way, like Ijyell, towards evolution, without being able to grasp it. 
They both strove to explain phenomena by means of agencies which 
they saw actually at work. If De Candolle gave up the ultimate 
problem as insoluble: — -“La creation on premiere fomiation des Otres 
organises i5chappe, par sa nature et par son anciennet4, k nos moyens 
d'observation he steadily endeavoured to minimise its scope. At 
least half of his great work is devoted to the researches by which he 
extricated himself from a l>elief in species having had a multiple 
origin, the view which had been held by successive naturalists from 
Gmelin to Agassiz. To account for the obvious fact that species 
constantly occupy dissevered areas, De Candolle made a minute study 
of their means of transport. This was found to dispose of the vast 
majority of cases, and the remainder he accounted for by geographical 
changed 

But Darmn strenuously objected to invoking geographical change 
as a solution of every difficulty. He had apparently long satisfied 
himself as to the “permanence of continents and great oceans.” 
Dana, he tells us, “was, I believe, the first man who maintained'* 
this^, but he had himself [U'obably arrived at it independently. 
Modern physical reseai^ch tends to confirm it. The earth's centre 
of gravity, as pointeil out by Pratt from tlie existence of the Pacific 
Ocean, does not coincide ^y\ih its centre of figure, and it has been 
conjectured that the Pacific Ocean dates its origin from the separa- 
tion of the moon from the earth. 

The conjecture appears to be unnecessary. Love shows that “the 
force that keeps the Pacific Ocean on one side of the earth is gravity, 
directed more towards the centre of gravity than the centre of the 

^ Life and LetterSf rr. p, 78. 

® The Viirtation of Anhhah and Fla^U (2nd edit.), 1890, i. pp. 9, 10. 

^ Life and ftettera^ i. p. B36, cit. p. 1106. ^ Loe. eit. p, lllO-, 

* Life and Lettern, iii. p, 247. Dana says The cuntinente and oceans had their 
general outline or form defined in earliest Manual of Geology , revised edition, 

PbiLadelphia, 1869, p. 782. I have no access to an earlier edition. 
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figured” I can only summarise the conclusions of a technical but 
masterly discussion. “ The broad general features of the distribution 
of continent and ocean can be regarded as the consequences of simple 
causes of a dynamical character,” and finally, “As regards the contour 
of the ^eat ocean basins, we seem to be justified in saying that the 
earth is approximately an oblate spheroid, but more nearly an 
ellipsoid with three unetpial axes, haring its surface furrowed 
accoiding to the formula for a certain spherical haimonic of the 
third degree^,” and he shows that this furi’owed surface must be 
produced “ if the density is gi-eater in one hemispheroid than in the 
other, so that the position of the centre of gi’avity is eccentric®.” 
Such a modelling of the eartli’s surface can only be referred to a 
primitive period of plasticity. If the furrows account for the great 
ocean basins, the disposition of the continents seems equally to 
follow. Sir George Darwin has pointed out that they necessarily 
“arise from a supposed primitive viscosity or plasticity of the earth’s 
mass. For during this course of evolution the earth’s mass must 
have suffered a screwing motion, so that the jjolar regions have 
travelled a little from west to east relatively to the equator. This 
affords a possible explanation of the north and south trend of our 
great continents*.” 

It would be trespassing on the province of the geologist to pursue 
tlie subject at any length. But as Wallace®, who has admirably 
vindicated Darwin’s position, points out, the “question of the per- 
manence of our continents. . .lies at the root of all our inquiries into 
the great changes of the earth and its inhabitants.” But he proceeds : 
“The very same evidence which has been adduced to prove the 
getieral stability and permanence of our continental areas also goes 
to prove^ that they have been subjected to wonderful and repeated 
changes in detail^" Darwin of course would have admitted this, for 
with a hapi>y expression he insisted to Lyell (IfiSG) that “the 
skeletons, at least, of our continents are ancient^” It is impossible 
not to admire the courage and tenacity with which he carried on the 
conflict single-handed But he failed to convince Lyell. For we 
still find him maintaining in the last edition of the Principles: 
“Continents therefore, although permanent for whole geological 
epochs, shift their positions entiiely in the courae of ages®.” 

Evidence, however, steadily accumulates in Darwin’s support. 

’ Riyiirt of the 770i Meetinij of the liriUsh Anociation (Leicester, 1M7), London, 190S 
p. 431. 

^ Uid. p. 436. 3 iMd. p. 431. 

* Encycl. Brit. (9th edit.), Vol, xxiii. “Tides,” p, 379. 

’ hla.,id Life (2nd edit.), 1895, p. 103. « Loe. eft. p, 101. 

^ More Letters, ii. p, 

^ Lyeirs Prin&iplee of Geology (Utli edit.}, London, LS73, i. p. 25B. 
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His position still remains inexpugnable that it is not permissible to 
invoke geographical change to explain difficulties in distribution 
without valid geological and pliysical suppoi't. Writing to Mellard 
Reade, who in 1878 had said, “ Wliile believing that the ocean -depths 
are of enormous age, it is impossible to reject other evidences that 
they have once been land,” he pointed out “the statement from the 
ChoMenger that all sediment is deposited within one or two hundred 
miles from the shores^” The following year Sir Archibald Geikie^ 
informed the Royal Geogi-aphical Society that “No part of the 
results obtained by the OhaUenger expedition has a profounder 
interest for geologists and geographers than the proof which they 
furnish that the floor of the ocean basins has no real analogy among 
the sedimentary formations which form most of the framework of the 
land.” 

Nor has Darwin’s earlier argument ever been upset “The fact 
which I pointed out many years ago, that all oceanic islands are 
volcanic (except St Paul s, and now that is viewed by some as tlie 
nucleus of an ancient volcano), seem to me a strong argument that 
no continent ever occupied the great oceans^.” 

Dr Guppy, who devoted several years to geological and botanical 
investigations in the Pacific, found himself forced to similar con- 
clusions. “It may be at once observed,” he says, “that my belief in 
the general principle tliat islands have always been islands has not 
been shaken,” and he entirely rejects “the hypothesis of a Pacific 
continent.” He comes back, in full view of tlie problems on the 
spot, to the position from which, as has been seen, Darwin started ; 
“ If the distribution of a particular group of plants or animals does 
not seem to accord with the present ai-rangement of the land, it is 
by far the safest plan, even after exhausting all likely modes of 
explanation, not to invoke the inteiTention of gcogi-aphical changes ; 
and 1 scarcely think that our knowledge of any one group of organ- 
isms is ever sufficiently precise to justify a recourse to hypothetical 
alterations in the present relations of land and sea*” Wallace 
clinches the matter when he finds “almost the whole of the vast 
areas of the Atlantic, Pacific, Indian, and Southern Oceans, without 
a solitary relic of the great islands or continents supposed to have 
sunk beneath their waves®.” 

Writing to Wallace (1 878), Darwin warmly approves the former’s 
“protest against sinking imaginary continents in a quite reckless 

^ More Letters, ii. p* 146* 

^ “ Geographical Eirolutiori/^ Proc. IL Geoffr. Soo* 1879, p. 427* 

^ More Letters, n. p, 146* 

* Obifervatiom of a Naturalist in the Pad/ie betieeen 1896 and 1899, London, 1993, 
I. p* 380* 

^ Life, p. lOo* 
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manner, as was stated by Forbes, followed, alas, by Hooker, and 
caricatured by Wollaston and [Andrew] Murray^” The transport 
<j[ue8tion thus became of enormously enhaneed importance. We need 
not be s[iq>rised then at his writing to Lyell in ItiofJ: — “I cannot 
avoid thinking that Forbes’ ‘Atlantis’ was an ill-sei’vice to science, 
as cheeking a close study of means of dissemination®,” and Darwun 
spared no pains to extend our knowledge of them. He implores 
Hooker, ten years later, to “admit how little is known on the 
subject,” and summarises with some satisfiiction what he had himself 
achieved “Remember how' recently you and others thought that 
salt water wnuld soon kill seeds — Reniember that no one knew that 
seeds would remain for many hours in the crops of birds and retain 
their vitality; that fish eat seeds, and that when the fish are de- 
voured by birds the seeds can germinate, etc. Remember that 
every year many birds are blown to Madeira and to the Bermudas. 
Remember that dust is blown 10(10 miles across the Atlantic I” 

It has always been the fashion to minimise Darwin’s conclusions, 
and these have not escaiKjd objection. The advocatus diaholi has a 
useful function in science. But in attacking Darwin his brief is 
generally found to be founded on a slender basis of facts. Thus Winge 
and Knud Andersen have examined many thousands of migratory birds 
and found “ that their crops and stomachs were always empty. I'hey 
never observed any seeds adhering to the feathers, beaks or feet of 
the birds The most considerable investigation of the problem of 
Plant Disperaal since Darwin is that of Guppy. He gives a striking 
illustration of how easily an observer may be led into error by relying 
on negative evidence. 

“When Ekstam published, in 1895, the results of his observations 
on the plants of Nova Zembla, he observed that he possessed no data 
to show' whether swimming and wading birds fed on berries; and he 
attached all importance to dispersal by winds. On subsequently 
visiting Spitzbergen he must liave been at first inclined, therefore, 
to the opinion of Nathorst, who, having found only a solitary species 
of bird (a snow-sparrow) in that region, naturally concluded that 
birds had been of no impoitance as agents in the plant-stocking. 
How'ever, Ekstam’s opportunities were greater, and he tells us that 
in the craws of six specimens of Lagopm hyperboretia shot in Spitz- 
liergen in August he found represented almost 25 per cent, of the 
usual phanerogamic flora of that region iu the form of fruits, seeds, 
bulbils, flower- buds, leaf-buds, &c.....” 

“ The result of Ekstam’s observations in Spitzbergen was to lead 
him to attach a very considerable importance in plant dispersal to 

* Life and Letters, iii. p. 230, = Ihid. it. p. 78. “ More Letters, i. p. 48,3. 

B. F. Seharlf, Aitimals, p* 04, London, 1907* 
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the agency of birds ; and when in explanation of the Scandinavian 
elements in the Spitubci^ii flora he liad to choose between a former 
land connection and the agency of birds, he preferred the bird^” 
Darwin objected to “continental extensions ” on geological grounds, 
but he also objected to Lyell that they do not “ account for all the 
phenomena of distnbution on islandsV’ such for example as the 
absence of Acacias and Baiiksias in New Zealand, He agreed 
with De Candolle tliat “ it is poor work putting together the merely 
posMU means of distribution.” But he also agreed with him that 
they were the only practicable door of escape from multiple origins. 
If they would not work then “every one who believes in single 
centres will have to admit continental extensions®,” and tliat he 
regarded as a mere counsel of despair:— “to make continents, as 
easily as a cook does pancakes*.” 

The question of multiple oiigins however presented itself in another 
shai>e where the solution W'as much more difficult. The problem, as 
stated by Darwin, is this: — “The identity of many jdants and animals , 
on mountain-summits, separated from each other by hundreds of 
miles of lowlands... without the apparent possibility of their having 
migrated from one point to the other,” He continues, “ even as long 
ago as 1747 , such facta led Gmelin to conclude that the same species 
must have lieen independently created at several distinct points; 
and we might have remained in this same belief, had not Aga.R.siz 
and others called vivid attention to the Glacial period, which affords 
. . .a simple explanation of the facts®.” 

The “ simple explanation ” was substantially given by E. Forbes 
in ia46. It is scarcely too much to say that it belongs to the same 
class of fertile and fer-reachiug ideas as “natural selection” itself 
It is an extraordinary instance, if one were wanted at all, of 
Darwin’s magnanimity and intense modesty that though he had 
arrived at the theoiy himself, he acquiesced in Forbes receiving the 
well-merited credit. “I have never,” he says, “of course alluded 
in print to my having independently worked out this view.” But 
he would have been more than human if he had not added : — “ I was 
forestalled in... one important point, which my vanity lias always 
made me regret®.” 

Darwin, however, by applying the theory to trans-tropical 
migration, went far beyond Forbes. The first enunciation to this is 
apparently contained in a letter to Asa Gray in 185U. Hie whole is 
too long to quote, but the pith is contained in one paragraph. “There 
is a considerable body of geological evidence that during the Glacial 

^ Guppy, op. cit, II. pp. 511, 512. 2 Life and Letters, U. p. 77* 

3 Ibid. II, p. 82. 4 Ibid. ii. p* 74. 

* Origiji of Species (6th ed.) p. 330* ® Life and Letters, i. p. 88. 
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epoch the whole world wa^ colder; I interred that,... from erratic 
boulder phenomena carefully obaerved by me on both the east and 
west coast of South America* Now I am so bold as to believe that 
at the height of the Glacial epoch, and when all Tropical prodmtimis 
mmt have been mnsiderahly dwtressed^ several temperate forms 
slowly travelled into the heart of the Tropics, and even reached the 
southern hemisphere ; and some few southern forms penetrated in 
a reverse direction northward^” Here again it is clear that though 
he credits Agassiz with having called vivid attention to the Glacial 
period, he had himself iniieh earlier gi*asped tlie idea of periods of 
refrigeration. 

Putting aside the fact, which has only been made known to us 
since DarwiiVs death, that he had anticipated Forbes, it is clear 
that he gave the theory a generality of which the latter had no 
conception. This is pointed out by Hooker in his classical paper 
On the Distributimt of Aretie Plmds ( 1860 ). “The theory of a 
southern migration of northern types being due to the cold epochs 
preceding and during the glacial, originated, I believe, with the late 
Edward Forbes ; the extended one, of the trans-tropical migration, 
is Mr Darwin's®/' Assuming that local races have derived from a 
common ancestor, Hooker's great i)aper placed the fact of the migra- 
tion on an impregnable basis. And, as he pointed out, Darwin lias 
shown that “ such an explanation meets the difficulty of accounting 
for the restriction of so many American and Asiatic arctic types to 
their own peculiar longitudinal zones, and for what is a for greater 
difficulty, the representation of the same arctic genera by most closely 
allied species in different longitudes." 

The frets of botanical geography were vital to Darwin's argument. 
He had to show that they admitted of explanation without assuming 
multiple origins for sjiecies, which would be fatal to the tlieory of 
Descent* He had therefore to strengthen and extend De Candolle's 
work as to means of transport. He refused to supplement them by 
hypothetical geographical changes for which there was no inde- 
pendent evidence : this was simply to attempt to explain ignotum 
per ignotius. He found a real and, as it has turned out, a far- 
reaching solution in climatic change due to cosmical causes which 
compellcMl the migration of species as a condition of their existence. 
The logical force of the argument consists in dispensing with any 

^ IAf€ and LetterB^ n, p. 136. 

® Ijinn* TTans^ p. 253. The attempt; appears to have be-eii rnadtii to claito for Heer 
priority in what I m&y term for short the arctic -alpine theory (Scharff, European Animals t 
p. 128). I find no suggestion of his having hit upon it in his correspondence with Darwin 
or Hooker. Nor am I aware of any reference to his having don© so m hia later 
publications. I am indebted to hie biographer, Professor Schroter. of Zurich, for an 
examination of his earlier papers with an equally negative result. 



(c) The Complete Work of Charles Darwin Online 



Pkmt Migration 305 

violent assumption, and in showing that the principle of descent is 
adcxiuate to explain the ascertained facta 

It does not, I think, detnict from the merit of Darwin's con- 
clusions that the tendency of modem research has been to show 
that the effects of the Glacial i>ei iod were less simple, more Iocatise<l 
and less geneml than he perhaps supposed He aclmitte<] that 
equatorial refrigeration.. .must have been small It may prove 
|K)ssible to dispense with it altogether. One cannot but regret that 
as he wrote to Bates: — ^“the sketch iu the Origin gives a very 
meagre account of my fidler MS. essay on this subject®/* Wallace 
fiilly accepted ^'the effect of the Glacial epoch in bringing about 
the present distribution of Alpine and Arctic plants in the northern 
hemi$phere^^ but rej^ted ** the low'ering of the temperature of the 
tropical regions during the Glacial period ” in order to account for 
their presence in the southern hemisphere* The divergence how- 
ever does not lie very deep. Wallace attaches more importance to 
ordinary means of transport “If plants can pass in considerable 
numbers and variety over wide seas and oceans, it must be yet more 
easy for them to traverse continuous areas of lan^ wherever mountain- 
chains offer suitable stations^*' And he argues that such periodical 
changes of climate, of which the Glacial period may be taken as a 
typo, would facilitate if not stimulate the process^ 

It is interesting to remark that Damdn drew from the facts of 
plant distribution one of his most ingenious arguments in support 
of this theory* He tells us, “ I was led to anticipate that the species 
of the larger genera in each country would oftener present varieties, 
than the species of the smaller general” He argues “ where, if we 
may use the expression, the manufactory of species has been active, 
we ought generally to find the maiiiifactory still in action*/* This 
proved to be the case. But the labour impoged upon him in the 
study was immense. He tabulated looil floras “belting the whole 
northern hemisphere®,” besides voluminous works such as De Can- 
dolle's Prodromus. ITie results scarcely fill a couple of pages. This 
is a good illustration of the enormous pains which he took to base 
any statement on a secure foundation of evidence, and for this the 
world, till the publication of his letters, could not do him justice. 
He was a great aduiirer of Herbert Spencer, whose “ pro^gaHty 
of original thought" astonished him. “ But,*' he says, “ the reflection 
constantly recurred to me that each suggestion, to be of real value to 
service, would require years of work^®/* 

^ M&T€ LetUrs^ i. p. 177. * Loc, eiU 

^ More LeiUrt^ ii- p. 25 1). * Life { 2 Dd edit.), London. ISOd, p. 512. 

® Loe, ciL p. 516. ® S«e More LetterMt i. p. 424. 

T Origin, p. 44. s 45 ^ 

® More Letters ^ 1 . p. 107. Ihid, il p. 2S5. 

D. 20 
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At last the ground was cleared and we are led to the final 
conclusion* “ If the difficulties be not insuperable in admitting that 
in the long course of time all the individuals of the same species 
belonging to the same genus^ have proceeded from some one source; 
then all the grand leading facbs of geogniphical distribution are 
explicable on the theory of migration, together with subsequent 
modification and the midtiplieation of new forms In this single 
sentence Darwin has stated a theory which, as his son F. Darwin 
has said with justiccj has “revolutionized botanical geography^/' It 
explains how physical banders separate and form botanical regions; 
how £dliod species become concentrated in the same areas ; how^ 
under similar physical conditions, plants may be essentially dissimilar, 
showing that descent and not the surroundings is the controlling 
factor ; how insular floms have acquired their peculiarities; in short 
how the most various and apparently uucorrelatcd problems fell 
easily and inevitably into line. 

The argument from plant distribution was in feet irresistible* 
A proof, if one were wanted, was the immediate conversion of what 
Hooker called “the stem keen intellect^” of Bentham, by general 
consent the leading botanical systematist at the time* It is a striking 
historical fact that a paper of his owti had been set down for reading 
at the Linnean Society on the same day as Darwin's, but had to 
give way* In this he advocated the fixity of species. He withdrew 
it after hearing Darwin's. We can hardly' realise now the momentous 
efiect on the scientific thought of the day of the announcement of the 
new theory. Years afterwards ( 1882 ) Bentham, notwithstanding his 
habitual restraint, could not w rite of it without emotion. “ I was 
forced, however reluctantly, to give up my long-cherislied convictions, 
the results of much labour and study." Tlie revelation came without 
preparation. Darwin, he wTOte, “never made any communications 
to me in relation to his viow^s and labours*” But, he adds, “ I*,.fi.iUj 
adopted his theories and conclusions, notwithstanding the severe 
pain and disappointment they at first occasioned me^” Scientific 
history can have few incidents more worthy* I do not know what 
is most striking in the story, the pathos or the moral dignity of 
Bentham' s attitude. 

Darwin necessarily restricted himself in the Origin to establishing 
the geneial principles w^bich wmuld account for the tacts of distribm 
tion, as a part of his larger argument, without attempting to illnstrate 
them in jjarticular cases. This he appears to have contemplated 
doing in a separate work. But w’^nting to Hooker in 1868 he 

^ Origin, p. 360. 

^ Tlie Botanical Work of Darwin,'* Ann. BoL 1309, p* si. 

3 Mtyre LetUrx, i. p. 134. * Life and LeiUrs, ii. p. 294. 
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Haiti : — “ 1 rthail to the day of my doatli kecii up niy full interest in 
Geogmphical Dintrilmtioii, but I doubt whether I nhall ever have 
strength to cmiie iu any fuller detail than in the Origin to this granrl 
subject I" This must l>e always a matter for regret But wo may 
gather isinic iiirlicatioti of his later siieculatiotis fi^ni the letters, the 
careful publication of which by F. rWwin has rendered a service to 
science, the value of which it is iliflicult to exaggerata They admit 
us to the workshop, where we see a great theory, as it were, in the 
making. The later ideas tliat they contain were not it is true public 
property at the time. But they were curomuiiicated to the leading 
biologists of the day and indirectly have had a large influence. 

If Darwin laid the foundation, the present fabric of Botanical 
Geography must be emitted to Hooker. It was a happy partnership. 
The far-seeing, generalising power of the one was suppli^ w*ith data 
and checked in coticlusiotis by the %*ast detailed knowledge of the 
other. It may lie permitted to c|uote Dam in's generous acknowledge- 
ment w hen writing the Origin 1 never did pick any one's jiocket, 
but whilst writing my present chapter 1 keep on feeling (even when 
differing most from you) just as if I were stealing from you, so much 
do I owe to your WTitiiigs and conversation, so much more than mere 
acknowledgements show*/' Fourteen years before be had written 
to Hooker: know I slmll live to see you the first authority in 

Kuropc on...Geogniphi(nd DiRtribution’^/' We owe it to Hooker that 
no one now undertakes the fioni of a c<mutry without indicating 
tlie niitge of the Hpccies it contaitiH. Beiitham tells us : after 

De Candolle, tiidepetidently of the great works of l)iirwin...the first 
important addition to the science of geographical botany wm that 
made by Hooker in his Introftnrto^ry Emtif to the Flom of Tamminia^ 
which, tlioiigii contemponineous only with the Origm of Sptcies, was 
drawn up with a general knowledge of his friend's observatious and 
views It cannot be doul»te<l tliat tins and the great memoir on 
the DiMtribidion of Arriie Plants were only less epoch-making than 
the i>rigiH itself, ami must have supplied a powerftil support to the 
general theory of organic evolution. 

Damiii always asserted his entire tgiioranee of Botany But 
this was only part of his constant lialf-bumourous self-deprecia- 
tioiL He had been a pupil of Henslow, and it is evident that be 
had a good working knowledge of systematic botany. He could find 
his way about in the literature and ala^ys cites the names of plants 
with scrupulous accuracy. It was because he felt tlie want of such 
a work for his own researches that he urged the prejiamtioii of the 
hidex Ke^eemh, and undertook to defmy the ex|iense, It has been 

' Mftre ri. p. 7, “ hifi ami n. p. 14S {footDote). * Ibid. i. p. S86, 

* Prea, Addr. (1SS9), Froe. Linn. Soe. l86a-69, p. lixiv. * Jfortf Letter*, u p. 400. 
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thought singular that he should have been elected a ^^correspondaTit ” 
of the Acad(5mie des Sciences in the section of Botany, but it is not 
surprising that his work in Geographical Botany made the botanists 
anxious to claim him. His heart went with them. It has always 
pleased me/' he tells us, exalt plants in the scale of organised 
beings And he declares that he finds “any proposition more easily 
tested in botanical works ^ than in zoological/' 

In the Introduetory Essay Hooker dwelt on the “contimioiis 
current of vegetation from Scandinavia to Tasmania^/' but finds 
little evidence of one in the reverse direction. “ In the New World, 
Arctic, Scandinavian, and North American genera and species are 
continuously extended from the north to the south temperate and 
even Antarctic zones ; but scarcely one Antarctic species, or even 
genus advances north beyond the Gulf of Mexico*.” Hooker con- 
sidered that this negatived “the idea that the Southeni and Northern 
Floras have had common origin within coinimratively modern geo- 
logical ej>ochs^” This is no donbt a correct conclusion. But it is 
difficult to explain on Darwin's view alone, of alternating cold in 
the tw D hemispheres, the preponderant migration from the north to 
the south. He suggests, therefore, that it “is due to the greater 
extent of land in the north and to the nortliem forms... having... 
been advanced through natural selection and competition to a higher 
stage of perfection or dominating power®” The present state of the 
Flora of New Zealand affords a striking illustration of the correctness 
of this view. It is poor in species, numbering only some 1400, of 
which three-fourths are endemic. They seem however quite unable 
to resist the invasion of new comers and already 600 species of foreign 
origin have succeeded in establishing themselves. 

If we accept the general configuration of the earth^s surface as 
permanent a continuous and progressive dispersal of species from 
the centre to the circumference, i.e. soutliivards, seems mevitable- 
If an observer were placed above a point in St George's Channel 
from which one lialf of the globe was visible he would see the greatest 
possible (|uantity of land spread out in a sort of stellate figure. The 
maritime supremacy of the English race has perhaps flowed from the 
central position of its home. Tliat such a disposition would facilitate 
a centrifugal migration of land organisms is at any rate obvious, and 
fluctuating conditions of climate operating from the pole would 
supply an effective means of propulsion. As these became more 

^ Life and Letters, i, p. ^ Ibid. o. p. 99. 

® intwduetcry Ussay to the Fiora of Tamnmtia, London, 1859. Bep^inted from the 
Botany of the Antarctie Exj^edition, Part ui., Flora of TasmarnOri To!, i. p. oiii. 

^ p. civ. ® Loc. cit. 

Origin of Sjgecie^ (6th edit-), p. 340; cf. also Life and Letters, ii. p. 142* 
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rigorous animals at any rate would more southwards to escape them. 
It would be equally the case with plants if no insiiperable obstacle 
interposed This implies a mobility in plants, notmthstanding what 
we know of means of transport which is at first sight paradoxical* 
Bentham has stated this in a striking way: “Fixed and immovable 
as is the individual plant, there is no class in which the race is 
endowed with greater facilities for the widest dispersion... .Plants cast 
away their ofl^pring in a dormant state, ready to be carried to any 
distance by those external agencies which we may deem fortuitous, 
but without winch many a race might perish from the exhaustion of 
the limited spot of soil in which it is rooted^"" 

I have quoted this passage from Bentham because it emphasises 
a point which Darwin for his purpose did not find it necessary to 
dwell upon, though he no doubt assumed it. Dispersal to a distance 
is, so to speak, an accidental incident in the life of a species. 
Lepidmm Draha, a native of South-eastern Europe, owes its pre- 
valence in the Isle of Thanet to the disastrous Walchcren expedition ; 
the straw-stuffing of the mattresses of the fever-stricken soldiers who 
were landed there was used by a farmer for manure. Sir Joseph 
Hooker^ tells us that landing on Lord Auckland s Island, which was 
uninhabited, “the first evidence I met with of its having been 
previously visited by man was the English chickweed ; and this I 
traced to a mound that marked the grave of a British sailor, and 
that was covered with the plant, doubtless the offeprmg of seed that 
had adhered to the spade or mattock ynth which the grave had 
been dug," 

Some migration from the spot where the individuals of a species 
have germinated is an essential provision against extinctioiL Their 
descendants otherwise would be liable to suppression by more vigorous 
competitors. But they would eventually be extinguished inevitably, 
as pointed out by Bentham, by the exhaustion of at any rate some 
one necessary constituent of the soil. Gilbert showed by actual 
analysis that the production of a “fairy ring” is simply due to the 
using up by the fungi of the available nitrogen in the enclosed area 
wliich continually enlarges as they seek a fresh supply on the out- 
side margin. Anyone who cultivates a garden can easily verify the 
feict that every plant has some adaptation for varying degrees of seed- 
dispersal* It cannot be doubted that slow but persistent terrestrial 
migration has played an enormous part in bringing about existing 
plant-distribution, or that climatic changes would intensify the effect 
because they would force the abandonment of a former area and the 
occupation of a new one. We are compelled to admit that as an 

^ Pres. Addr. (1869), Froc. Linn. Sao. 1863 — 69, pp. Isvi, Ixvii. 

^ E&ynl Imtitution Lecturet April 12, 1873. 



(c) The Complete Work of Charles Darwin Online 



310 Geographical Distribution of PlaTUs 

incident of the Glacial period a whole flora niaj have moved down and 
lip a mountain sidoj while only some of its constituent species would 
be able to take advantage of means of long-distance transport, 

I have dwelt on the importance of what I may call short-distance 
dispersal as a necessary condition of plant life^ l>ecause I think it 
suggests the solution of a difficulty which leads Guppy to a conclusion 
with which I am unable to agree. But the work which he has done 
taken as a whole appears to me so admirable that I do so with the 
utmost respect He points out, as Bentham had already done, that 
long-distance dispersal is fortuitous. And being so it cannot have 
been provided for by previous adaptation. He says^: ^^It is not 
conceivable that an organism can be fulapted to conditions outside 
its environment.” To this we must agree ; but^ it may be asked, do 
the general means of plant dispersal violate so obvious a principle ? 
He proceeds: ^^The gi^eat variety of the modes of dispersal of seeds 
is in itself an indication that the dispersing agencies avail themselves 
in a hap-hamrd fashion of characters and capacities that have been 
developed in other connections^.” *^Their utility in these resjiects is 
an accident in the plant's life^.” He attributes this utility to a 
^determining agency,” an influence which constantly reappears in 
various shapes in the literature of Evolution and is ultra-scientific 
in the sense that it bars the way to the search for material causes. 
He goes so fer as to doubt whether fleshy fruits arc an adaptation for 
the dispersal of their contained seeds^. Writing as I am from a 
hillside which is covered by hawthorn bushes sown by birds, I confess 
I can feel little doubt on the subject myself Tlie essential tact 
which Guppy brings out is that long-distance unlike short-distance 
dispersal is not universal and purposefiil, but selective and in that 
sense accidental. But it is not difficult to see how inider favouring 
conditions one must merge into the other. 

Guppy has raised one novel point wdiich can only briefly 
referred to but which is of extreme interest. There are grounds for 
thinking that flowers and insects have mutually reacted upon one 
another in their evolution. Guppy suggests that something of the 
same kind may be true of birds, I must content myself with the 
quotation of a single sentence. ^^With the secular drying of tlie 
globe and the consequent differentiation of climate is to be connected 
the suspension to a great extent of the agency of birds as plant 
dispersers in later ages, not only in the Pacific Islands but all over 
the tropics. The changes of cJimate, birds and plants have gone on 
together, the range of the bird being controlled by the climate, and 
the distribution of the plant being largely dependent on the bird V’ 

1 Guppj, op. Cit. n. p, 99. 2 ciL p, 102. a Loc. eit. p. 100. 

* Loc. p. 102* ^ Loc. clL n, p. 221, 



(c) The Complete Work of Charles Darwin Online 



Plant Migration 311 

Darwiii was clearly prepared to go furtlier tlian Hooker in ac- 
counting for the eouthern flora by dispersion from the nortK Thus 
he says: 'MVe must^ I suppose^ admit that every yard of land has 
been successively covered with a beech-forest between the Caucasus 
and Japaiil*' Hooker accounted for the dissevered condition of the 
southern flora by geographical changCj but this Darwin could not 
admit He suggested to Hooker that the Australian and Cape floras 
might have had a point of connection through Abyssinia^, an idea 
which was promptly snufied out* Similarly he remarked to Bentham 
(1869): “I suppose you think that the Eestiaceaej Proteaceae, etc,, 
eta once extended over the whole worlds leaving fragments in the 
souths'' Eventually he conjectured that there must have been a 
Tertiary Antarctic continentj from which various forms radiated to 
the southern extremiti^ of our present continents^/' But cliaracter- 
istically he could not admit any land connections and trusted to 
“ floating ice for ti'ansporting seed‘1'' I am far from saying that this 
theory is not deserving of serious attentioiij though there seems to 
be no positive evidence to supjiort it, and it immediately raises the 
difficulty how did such a continent come to be stocked ? 

We mustj however, agree with Hooker that the common origin 
of tlic northeni and southeni floi'as must be referred to a remote 
past. That Darwin had this in his mind at the time of the publication 
of the Origm is clear from a letter to Hooker, The view- which 
I should have looked at as perhaps most probable (though it hardly 
differs from yours) is that the whole world during the Secondary 
ages w^as inhabited by marsupials, araucarias (Mem,— Fossil w-ood 
of this nature in South America), Banksia, etc* ; and that these were 
supplanted and exterminated in the gieatcr area of the noHh, but 
were left alive in the south Remembering that Araucaria, unlike 
Banksia, belongs to the earlier Jiii'assic not to the angiospennons 
flora, this view is a germinal idea of the widest generality. 

The extraordinary congestion in sjjecies of the peninsulas of the 
Old World points to the long-continued action of a migration south- 
wards. Each is in fact a eid-de-sac into w-Meh they have poured 
and from which there is no escape. On the other hand the high 
degi'ee of specialisation in the southern floras aTid the little power 
the sijccice possess of holding their o^vn in competition or in adapta- 
tion to new conditions point to long-continued isolation* An island 
*.,will i>revent free immigi'atioii and competition, hence a greater 
number of ancient fonns will survive^,” But variability is itself 
subject to variation. The iieinesis of a high degree of protected 

^ More LetUrE^ ji, p, 9. ^ Ibid, i. p* 447- ® Ibid, i, p, 380, 

^ Life and Letters^ lU, p. 231* ^ More LetterE, i* p* 116, 

^ Ibid. J. p, 453, 7 jifid. I. p. 481, 
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in tlio lorn of adaptability ^ It is prolM^du that imiiiy 
elciiiuiitH of tlio kKinttieni flora are doomed: there in, for exaiii[>le, 
reti»Mm to iltiiik that the Miiiguiar Stapelieae of B. Africa are a <l)n- 
ap|>enriiiK Kroii|». The tree Lobelias which linger in the iiioiintiiifm 
iif Ceiilral Africa, in Tropical America and in the Batidwidi iKlaiKla 
hare the aniieet of ojttreme antiquity, I may add a furtlier Htriking 
ilhmtraiioii froiu Profeiieor Seward: “The taU, graceful froiidfl of 
MfiUmm peettHOiar forming miniatiire foreeta on the dope* of 
Mount (>))hir and other district in the Malay Peninsula iti amocia- 
lion with IHpieru rot^Mpata and I>ipterijf tobbinna, represent a 
lihase of Mesoiotc life which surriy^ 

* Ule • dim pictam of tlie drewimd pmXV* 

The JlatimiHrae are fernii with an mmsually complex raacular syntetn 
hihI were abiiiMlaiit “ in the nOTthem hemisphere during the earlier 
|iart o( the !ilosoxoic era.*' 

It was fortunate for science that Wallace took up the task which 
liiif tolleagiie liail aliandoiiad. Writing to him on the publication 
of his (tf4*ffraphieaJ PtMnhuiion of Afihnah Darwin «aid: “I feel 
Hiire tliat you have laid a broad and safe foundation for all future 
work on DiHiribiition. How iuterestiug it will be to see hereafter 
plants treated in strict relation to your views*/* This 1 io|m 3 Wiis 
fnlfllled ill Infaitd L{fe. I may quote a passage fnmi it which 
tidtnimbly HimmiariNes the contrast between the nortliorn and the 
Houtlierii tloras, 

"Instead of the eiKirmous northern area, in which higlily orgftniHe^l 
and (hmiiiiaiit gmujis of plants have been develu]>etl giftcHl with 
great colonising and aggressive powers, we have in the imiiiIIi three 
eom|NirativoIy siimll and detached areas, in which rich floras have 
liecn deveto|ie4l with s/#faa/ adaptations to soil, climate, and organic 
eiivinjiinieiit, but eonqianitively impotent and inferior beyond their 
own domain V* 

It will lie noticed tliat in the summary I have altciiipted to give 
of the historj* of the subject, efforts have b^n concentrate on liriiig- 
ing into relatitHi Uie temperate floras of the iiorlbem and sou them 
hemispheres, but no account has been taken of tlie rich troiiical 
vegetation which belts the world and little to account for the original 
start ingqioint of existing vegetation generally. It must be re- 
tiioitiberod on Uie one baud that our detailed knowledge of the 
floras of the trojiics is stilt very incomplete and far inferior to tliat 

* LjoU, Tk€ Hwidcmeei the Antiquity of J/iui, Locidos, 186ft, p. 446* 

• Hepori of fft# Tftril Meeting of the BritUh Asmoc. (Saulhport, 1906), London, 1904, 
p* 844* 

» Moro L§tUrt, ti* p. 11* * Wallace* p|i* 597, S99* 
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of temperate regions ; on the other hand palaeontological discoveries 
have pnt the problem in an entirely new light Well might Darwin, 
writing to Heer in 1875, say: ^^Many as have been the wonderful 
discoveries in Geology during the last half-century, I think none have 
exceeded in interest your results with respect to the plants which 
formerly existed in the arctic regions^” 

As early as 1848 Debej had described from the Upper Cre- 
taceous rocks of Aix-la-Chapelle Flowering plants of as Mgh a 
degree of development as those now existing. The fact was com- 
mented upon by Hooker^, but its full significance seems to have been 
scarcely appreciated For it implied not merely that their evolution 
must have taken place but the foundations of existing distribution 
must have been laid in a preceding age. We now know from the 
discoveries of the last fifty years that the remains of the Neocomian 
flora occur over an area extending through 30'’ of latitude. The con- 
clusion is irresistible that within this was its centre of distribution 
and probably of origin, 

Darwin was immensely impi'essed with the outburst on the world 
of a fully-fledged angiosi>ennous vegetation* He warmly approved 
the brilliant theory of Saporta that this happened ^^as soon [as] 
flower-frequenting insects were developed and favoured intercross- 
ing V’ Writing to him in 1877 he says: “Your idea that dicoty- 
ledonous plants were not developed in force until sucking insects 
had been evolved seems to me a splendid one. I am surprised that 
the idea never occurred to me, but this is always the case when 
one first hears a new and simple explanation of some mysterious 
phenomenon^/' 

Even with this help the abimptness still remains an almost insoluble 
problem, though a forecast of floral structure is now recognised in some 
Jurassic and Lower Cretaceous plants. But the gap between this and 
the structural complexity and diversity of aiigiosperms is enormous. 
Darwin thought that the evolution might have been accomplished 
during a period of prolonged isolation* Writing to Hooker (1881) he 
says: “Xothing is more extraordinary in the histoiyof the Vegetable 
Kingdom, as it seems to me, than the apparently very sudden or 

^ M&re LetUrs, ii. p. 240. ^ to the Flora of Ta»mamaj p. zx. 

^ Mirre Letters, u. p. 21. 

* Life and Letters, iii. p. 285. Substantiallj the same idea had occurred earlier to 
P. W. A. MlqueL UeDtiarhing that ^‘sucking iuseetB (Haustellata}... perform in nature 
the important duty of maintaining the existence of the vegetable kingdom, at least aa far 
as the higher orders are concerned,^* lie points out that the appearance in great numbers 
of hanstehate insects occurs at and after the Cretaceous epoch, ^vhon the plants TFith 
pollen and closed carpels {Angio sperms) are found, and acquire little by little the pre- 
ponderance in the vegetable kingdom.” Arehives NeerlandaUeSi (1868). English 
translation in Jotirn. o/ Bof. 186&, p. 101. 
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abrupt development of the higher planta I have sometimes specu- 
lated whether there did not exist somewhere during long ages an 
extremely isolated continentj perhaps near the South Pole\"' 

The present trend of evidence iSj howeverj all in favour of a 
northern origin for flowering plants^ and we can only appeal to the 
imperfection of the geological record as a last resource to extricate 
us from the difficulty of tracing the process. But Darwin's instinct 
that at some time or other the southern hemisphere had played an 
important part in the evolution of the vegetable kingdom did not 
imsiead him* Nothing probably would have given him greater 
satisfaction than the masterly summary in which Seward has brought 
together the evidence for the origin of the Glossoptcris flora m 
Goiidwana land, 

vast continental area^ of which remnants are preserved in 
Australia, South Africa and South America,**. A trac4 of enormous 
extent occupying an area, paH of which has since given place to 
a southern ocean, while detached masses pemst as portions of more 
modern continents, wffiich have enabled us to read in their fossil 
plants and icC'Scratched boulders the records of a lost continent, 
in which the Mesozoic vegetatio!i of the northern continent had its 
birth Darwin would probably have demurred on physical grounds 
to the extent of the continent, and preferred to account for the 
ti'ansoceanie distribution of its flora by the same means ivhich must 
have accomplished it on land* 

It must in fairness be added that Guppy's later view^s give some 
support to the conjectural existence of the “lost continent” “The 
distribution of the genus Dammara” {Agathds) led him to modify 
his earlier conclusions. He tells us : — “ In my volume on the geology 
of Yaniia Levu it was shown that the Tertiary period was an age of 
submergence in the Western Pacific, and a disbelief in any previous 
continental condition was expressed* My later view is more in 
accordance vdtli that of Wichmann, who, on geological grmuids, 
contended that the islatids of the Western Pacific were in a con- 
tinental condition during the Palaeozoic and Mesozoic periods, and 
that their submergence and subsequent emergence took place in 
Tertiary times^*'' 

The weight of tlie geological evidence I am unable to scrutinise. 
But though I must admit the possibility of some unconscious bias in 
my own mind on the subject, I am impressed with the fact that the 
known distribution of the Glossopteris flora in the southern hemi- 
sphere is precisely paralleled by that of Prot^aeeae and liestiaceae in 

^ Life and Letters^ iir. p. 246, 

® EncycL Brit. (10th edit. 1902), VoL xyxi. f * Palaeobotanv ; MeBozoie p. 422- 

^ Buppj, op. cit. n. p, 304. 
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it at the present time. It is not unreasonable to suppose that both 
]>henonieiia, so similar, may admit of the same explanation. I confess 
it woiild not surprise me if fresh discoveries in the distribution of 
the Glossopteris flora were to point to the possibility of its also 
having migrated southwards from a centre of origin in the northern 
hemisphere. 

Darwin, however, remained sceptical about the tmveUing of 
plants from the north except during the Tertiary periodP But 
he added, ^^such speculations seem to me hardly scientific, seeing 
how" little w^e know of the old floras That in later geological 
times the south has been the grave of the weakene<l oflspriiig of 
the aggressive north can hardly be doubted. But if we look to 
the Glossopteris flora for the ancestry of Angiosperms during the 
Secondary period, Darwin’s prevision might be justified, though he 
has given us no clue as to Iiow he arrived at it. 

It may be true that technically Darwdn was not a botanist. But 
in two pages of the Origin he has given ns a masterly explanation 
of 'Hhe relationship, with very little identity, between the productions 
of North America and Europe^.” He sho\ved that this could be 
accounted for by their migi^tion southwards from a common area., 
and he told Wallace that he doubted much whether the now called 
Palaearctic and Nearctic regions ought to be separated^^' Catkin- 
bearing deciduous trees had long been seen to justify Darwin's doubt : 
oaks, chestnuts, beeches, hazels, hornbeams, birches, alders, willows 
and poplars are common both to the Old and New^ World. Newton 
found that the sepa-ratc regions could not be sustained for birds, and 
he is now usually follow^ed in unitit]g them as the Holarctic. One feels 
inclined to say in reading the two pages, as Lord Kelvin did to a 
correspondent who asked for some fiirther development of one of 
his papei^. It is all there. We have only to apply the principle 
to previous geological ages to undei'stand why the floi'a of the 
Southern United States preserves a CretaceoTis fades. Applying it 
still fiirther we can understand w^hy, when the northeni hemisphere 
gradually cooled through the Tertiary period, the plants of the 
Eocene suggest a comparison of the climate and forests with those 
of the Malay Archipelago and Tropical America^” AVriting to 
Asa Gray in 1856 with respect to the United States flora, Darwin 
said that Nothing has surprised me more than the greater generic 
and specific affinity with East Asia than with West America The 
recent discoveries of a Tulip tree and a Sassafras in China afibrd 

^ Li/e and Lett^rSj in. p. 247, ^ pp.^ 333, 334. 

^ Life and Letters ^ iii, p. 230, 

Clement Heidi Ertcyel, Brit. (lOtb edit.), VoL xxxi. (^'Palaeol^ctany; Tertiary’^), 
p. 435, 

* Mare Lettets, i. p. 434. 
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frewh illuHtmtioiiM. A few years later Asa Gray found the explanation 
in lx)th areas lieiiig centres of preservation of the Cretaceous flora 
from a coinmou origiiL It is interesting to note that the [mpor in 
which this was eniinciatod at once established his reputation. 

In Euroi>e tiie latitudinal range of the great mountain chains 
gave the Mtoc^ene flora no chance of escape during the Glacial period, 
and the Mediterranean appears to have equally intercepted the flow 
of alpine plants to the Atlas^ In Southern Europe the myrtle, the 
laurel, the fig and the dwarf*palm are the solo representatives of as 
many great tropical familiea Another great tropical family, the Gesne- 
raceae has left single representatives from the Pyrenees to the Balkans ; 
and in the former a diminutive yam still lingers. These arc only 
illustrations of the evidence which constantly accumulates and which 
finds no rational explanation except that which Danrin has given 
to it 

The theor}’ of southward migration is the key to the interpretation 
of the geogra]>lucaI <listribution of plants. It derived enormous 
siipiHirt from tlie researches of Heer and has now become an acce|>ted 
comiiionplace. Sapoita in 1B88 described the vegetable kingdom as 
Emigrant [xuir suivre une direction d^termiinSe et marcher du iiord 
au Biid, h la recherche dc regions et de stations plus favonibles, mieux 
appropri6os aux adaptations acquises, k mdme qtie la temp<Smturo 
terresti o [lerd ses conditions premieres I'' If, as is so often the ense, 
the tlieory now scums to be priori inevitable, tlie liistoi^ian of 
science will not omit to record that the first gomi spmng from tlie 
brain of Darwin. 

In attempting tins sketch of Darwin's influence on Geographical 
Distribution, I have found it impossible to treat it from an oxteniiil 
p<iint of view. His interest in it was unflagging; all 1 could my 
became necessarily a record of that interest and coukl not be detached 
from it He wm in more or less mtimate touch with everyone who 
was working at it In reading the letters we move ainuiigst great 
namea With an extraordinary charm of persuasive correspoiidoiice 
he was eoiistaiitly suggestiug, criticising and stimulating. It is 
hanlly an exaggeration to say that from the quiet of his study at 
Down he was founding and directing a wide-worid school 

I John in Appendix O, p. 439, in Journal of a Tour jn Moroa^ and ike Oreui AUeu, 
I. D, Hooker &nd J, Bell, London, 1873^ 

* Oriffitte Fal^omtoiogiqm dn ^irbrer, Pxris, 1838, p. 28. 
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Since this essiiy put in type Dr Ernst’s sticking account of 
the Few Floni of the Voleemie Island of Krakatau^ has readied 
me. All botanists must feel a debt of gratitude to Prof, Seward for 
his admirable translation of a memoir which in its original form is 
practically unprocurable and to the liberality of the Cambridge 
University Pi^ess for i1^ publication* Tn the preceding jiages I 
have traced the laborious research by which the methods of Plant 
Dispersal were established by Darwin. In the inland of Krakatau 
nature has supplied a crucial experiment whidij if it had occurred 
earlier, would have at once secured conviction of their efficiency. 
A quarter of a century ago every trace of organic life in the island 
was “ destroyed and buried under a thick covering of glowing stones.'’ 
Now, it is “ again covered with a mantle of green, the growth being 
in places so luxuriant that it is necessaiy to cut one's way laboriously 
tlirough the vegetation Ernst trac^ minutely how this has been 
brought about hj the conibined action of wind, birds and sea currents, 
as means of transports Tlie process will continue, and he concludes : — 
“ At last after a long interval the vegetation on the desolated island 
will again acquire that wealth of variety and luxuriance w^hich we 
see in the fullest development which Nature has reached in the 
primaeval forest in the tropics^*” The possibility of such a result 
revealed itself to the insight of Darwdn with little encouragement 
or support from contemporary opinion* 

One of the most remarkable facte established by Ernst is that 
tliis has not been accomplislied by the transport of seeds alone* 
‘^Tree stems and branches played an important part in the coloni- 
sation of Krakatau by plante and animals* Large piles of floating 
trees, stems, bi’anches and bamboos are met with everywlicrc on the 
beach above liigli- water mark and often carried a considerable 
distance inland* Some of the animals on the island, such as the 
fat Iguana {Va 7 *anus salvator) w^hich suns itself in the beds of 
streams, may have travelled on floating wood, possibly also the 
ancestors of the numerous ants, but certainly plants^*” Darwin 
actually had a prevision of this* Writing to Hooker he says — 
“Would it not be a prodigy if an unstocked island did not in the 
course of ages receive colonists from coasts whence the currents 
flow, trees are drifted and birds are driven by gales^^” And ten 
years earlier I must believe in the, . .whole plant or branch being 
washed into the sea ; with floods and slips and earthquakes ; this 

^ Cambiidgei 1009* ^ Op, cit, p. 4. ® Op. p. 72. 

* Op* £ri(. p. 5G* ® More Letters^ r. p. 483. 
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must continually be happeuiiig^'’ If we give to “continually” a 
cosmic measure, can the tact be doubted? All this, in the light of our 
present knowledge, is too obvious to us to admit of discussion. But 
it seems to me nothing less than jjathetic to see liow in the teeth 
of the obsession as to continental extension, Darwin fought single- 
handed for what we now know to be the truth. 

Duppy's heart failed him wlien he had to deal with the isolated 
case of Agathis which alone seemed inexplicable by known means of 
transports But when we remember that it is a relic of the pre- 
Angiospermous flora, and is of Araucarian ancestry, it cannot be 
said that the impossibility, in so prolonged a history, of the bodily 
transference of cone-bearing branches or even of trees, compels us 
^ a last resort to fall back on continental extension to account for 
its existing distribution. 

IVhen Da,rwin was in the Galapagos Archipelago, he tells us that 
he landed liimsclf “ brought near to the very act of creatiom” He 
saw how new species might arise from a common stock. Krakatau 
shows us an earlier stage and how by simple agencies, continually at 
work, that stock might be supplied. It also shows us how the mixed 
and casual elements of a new colony enter into competition for the 
ground and become mutually adjusted. The study of Plant Distri- 
bution from a Daiwvinian standpoint has opened up a new field of 
research in Ecology. Tlie means of transport supply the materials 
for a flora, but their ultimate fate depends on their equipment for 
the “ struggle for existence.” The whole subject can no longer be 
regarded as a mere statistical inquiry which has seemed doubtless 
to many of somewhat arid interest. The fate of every element of 
the earth’s vegetation has sooner or later depended on its ability to 
travel and to hold its own under new conditions. And the means by 
w'hieh it has secured success is in each case a biological problem 
which demands and will reward the most attentive study. This is 
the lesson which Darwin has bequeathed to us. It is summed up in 
the concluding j>aragraph of the Origin^ is interesting to 

contemplate a tangled bank, clothed with many plants of many 
kinds, witli bii-ds singing on the bushes, with various insects flitting 
about, and with worms crawling through the damp earth, and to 
icflect that these elaborately constructed forms, so different fi’om 
each other, and dependent npon each other in so complex a manner, 
have all been produced by laws acting around us.” 

* and UUsts, ii. pp. 56, 57. * OHgln of Species (6th edit.), p 429, 
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GEOGRAPHICAL DISTRIBUTION OF ANIMALS 

By Haks CtAdow, MA., PhB,, 

StricMmid Curato7* and Lect^i/i^er oih Zoology in the UniversUy of Cambridge. 

The first general ideas about geographical distribution may be found 
in some of the brilliant speculations contained in Buffon's Histaire 
Naturelle* The first special treatise on the subject wslh howerer 
written in 1777 by E, A* W* Ziminermamij Professor of Natural Science 
at Brunswick, whose large volnmej Specimen Zoologiae Geoffraphiem 
Quadrupedimi...^ deals in a statistical way with the mammals ; im- 
portant features of tlie large accompanying map of the world are the 
ranges of mountains and the names of hundreds of genera indicating 
their geographical range. In a second work he laid special stress 
on domesticated animals with reference to the spreading of the 
various races of Mankind. 

In the following year appeared the PMlosopkia Entomologiea 
by J, C. FabriciuSj w^ho was the first to divide the world into eight 
regions. In 1803 G. R. Treviranus^ devoted a long chapter of his 
great work on Pioloffie to a j)hilosophical and coherent treatment of 
the distribution of the whole animal kingdom. Romai’kablc progress 
was made in 1810 by F, Tiedemann® of Heidelberg. Few^ il‘ any, of 
the many subsequent Oraithologists seem to have ai>preciated, or 
known of, the ingenious w^ay in which Tiedeinann mai-shaUed his 
statistics in order to arrive at general conclusions. There are, for 
instance, long lists of birds arranged in accordance with their 
oceuiTence in one or more continents: by correlating the distribu- 
tion of the birds with their food he concludes “ that the countries of 
the East Indian fiom have no vegetable feeders in common with 
America,'' and ‘Hhat it is probably due to the gi'eat peculiarity of 
the African flora that Africa has few phytophagous kiiids in common 
with other countries, whilst zoophagoiis binis have a lar more 
independent, often cosmopolitan, distribution." There are also 
remarkable cliapters on the mfluence of environment, distribu- 
tion, and migration, uj>on the structure of the Birds 1 In short, 

^ Biologie oder Philosophie dev lehenden Natm\ Vol. n. Gottingen, 1803 ♦ 

^ Anatomie und Naturge^chichU d^r Vogel, Heidelberg, 1810, 
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this anatomist dealt ivith some of the fimdamental causes of distri- 
bution. 

Whilst Tiedematm restricted himself to Birds, A. Desmoulins in 
1822 wi’ote a short but most suggestive paper on the Vertebrata, 
omitting the birds; he combated the view recently proposed by the 
entomologist Latreille that temperature was the main factor in distri- 
bution. Some of his ten main conclusions show a peculiar mixture 
of evolutionary ideas coupled with the conception of the stability of 
species : whilst each species must have started from but one creative 
centre, there may be several “ analogous centres of creation '' so far 
as genera and families are concerned. Countries with different 
faunas, but lying within the same climatic zones, are proof of the 
effective and permanent existence of barriers preventing an exchange 
between the original creative centres^ 

The first book dealing with the geography and classification ” of 
the whole animal kingdom was written by Swainsou^ in 1835. He 
saw in the five races of Man the clue to the mapping of the w^orld 
into as many “ true zoological divisions,” and he reconciled the five 
continents with his mystical quinary circles. 

Lyeh's Principles of Geology should have marked a new epoch, 
since in his Elements he treats of the past liistory of the globe and 
the distribution of animals in time, and in his PrinfdpUs of their 
distribution in space in connection with the actual changes undergone 
by the surface of the world. But as the sub-title of his great work 
“Modern changes of the Earth and its inhabitants*' indicates, he 
restricted himself to comparatively minor changes, and, emphatically 
believing in the permanency of the great oceans, his numerous and 
careful interpretations of the effect of the geological changes upon 
the dispersal of animals did after all advance the problem but 
little. 

Hitherto the marine faunas had been neglected. This was 
remedied by E. Forbes, who established nine homozoic zones, based 
mainly on the study of the moUusca, the determining factors being 
to a great extent the isotherms of the sea, whilst the 25 provinces 
w^ere given by the configumtion of the land. He was followed by 
J. D. Dana, who, taking principally the Crustacea as a basis, and 
as leading factors the mean tempemtiires of the coldest and of the 
warmest mouths, established five latitudinal zones. By using these 
as divisors into an American, Afro-European, Oriental, Arctic and 
Antarctic realm, most of which were limited by an eastern and 
western land-boundary, he arrived at about threescore provinces. 



1 Treatise on the Geography and Classification of Animals^’' Lardner's Cahintt 
Cycloiptitdiii. London, 1835. 
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In 1H53 apj)eared L. K, Schmarda'B^ two voluiuee, embracing tlie 
whole subject Various centres of creation being, according to him, 
still tniceable, he formed the hypothesis that these centres were 
originally islands, wliich later became enlarged and joined together 
to fonii the gi’eat continents, so that the original taunas could overlap 
and mix whilst still remaining pure at their respective centrea After 
devoting many chapters to the possible physical causes and modes of 
dist)er8al, he cUvided the laud into 21 realms which he shortly charac- 
terises, e*g. Australia as the only country inhabited by marsupials, 
moiiotremes and meliphagons birds. Ten main marine divisions 
were diagnosed in a similar way. Although some of these realnie 
were not badly selected from the point of view of being applicable to 
more than one class of animals, they were obviously too numerous for 
general purposes, and this drawback was overcome, in 1857, by 
P. L. Hclatcr®, Starting with the idea, that ^^each species must have 
been created within and over the geographical area, which it 
now occupies,” he mucliided “ that the most natural primary onto- 
logical divisions of the Earth’s surfece” were those six regions, which 
since their adoption by Wallace in his epoch-making work, have become 
classical Broadly speaking, these six regions are equivalent to the 
great masses of land; they are convenient terms for geographical 
facts, especially since the Palaearctic region expresses the unity of 
Europe with the bulk of Asia. Sclatcr further brigaded the regions of 
the Old World as Palaeogaea and the two Americas as Neogaea, a 
fiindamental mistake, justifiable to a certain extent only since he 
Imscd his regions maiidy upon the present distribution of the Passerine 
birds. 

Unfortunately these six regions are not of ecpial value. The 
Indian countries and the Ethiopian region (Africa south of the 
Sahara) are obviously nothing but the tropicml, Boiithem conthitia- 
tions or appendages of one greater complex. Further, the great 
eastern mass of land is so intimately connected with North America 
that this continent has much more in common with Europe and Asia 
than with South America. Therefore, instead of dividing the world 
longitudinally as Sclater had done, Huxley, in 1B6B* gave weighty 
reasons for dividing it transversely. Accordingly he established 
two primary divisions, Ar€t4)gaea or the North world in a wider 
sense, comprising Sdater’s In^an, African, Palaearctic and Nearctic 
regions ; and Notogam^ the Southern world, which he divided into 

^ Die geogtaphiiehe Vetbreitung der TJdere. Wien, 1S&3, 

* “On Ibe general Geographical Difitribution of the mombers of the olasa Avea,^* Pr&c. 
Linn. Soc* {ZooUgy}^ ii. 1858, pp. 180—145. 

* “ On the classification and distribution of the Alectoromorphae and lleteromorphae/* 
Proc. ZooU Soc. 18G8, p. 294. 
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(1) Austro-Columbia (an unfortunate substitute for the neotropical 
region), (2) Australasia, and (3) New Zealand, the number of big 
regions thus being reduced to tliree but for the separation of New 
Zealand upon rather negative characters. Sclater was the first 
to accept these four gi'eat regions and showed, in 1874^, that they 
were well bonie out by the present distribution of the Mammals, 
Although ax>plicahle to various other groups of animals, for 
instance to tlie tailless Amx>hibia and to Birds (Huxley himself had 
been led to found his two fundamental divisions on the distribution 
of the Gallinaceous birds), the combination of South America with 
Australia was gradually found to be too sweex>ing a measure. The 
obvious and satisfoctory solution was provided by W* T, Blanlbrd^, 
who in 1890 recognised three main divisions, namely A usti-alian, South 
American, and the rest, for which the already existing terms (although 
used partly in a new sense, as i>roposed by an anonymous >vriter in 
Nat/iiral Scieneej ill* p, 289) Notogaea, Neogaea and Aretogaea have 
been gladly accepted by a number of English writers* 

After this historical survey of the search for larger and largest or 
fundamental centres of anioial creation, which resulted in the mapping 
of tlie world into zoological regions and realms of after all doubtful 
value, we have to return to the year 1858* The eleventh and twelfth 
chapters of The Origin of Species (1859), dealing with “Geogi^aphical 
Distribution,'' are based uijoii a great amount of observation, experi- 
ment and reading. As Darwin's main x>roblem was the origin of 
species, nature's way of making species by gradual changes from 
others previously existing, he had to dispose of the view, held uni- 
versally, of the independent creation of each species and at the 
same time to insist upon a single centre of creation for each species; 
and in order to emphasise his main point, the theory of descent, he 
had to disallow convergent, or as they were then called, analogous 
fonns* To appreciate the difficulty of his position we have to take 
the standpoint of fifty yeai^ ago, when the immutability of the species 
was an axiom and each was supjx)sed to have been created within 
or over the geograpMcal area which it now occupies. If he once 
admitted that a species could arise from inany individuals instead of 
from one pair, there was no way of shutting the door against the 
j)ossibility that these individuals may have been so numerous that 
they occupied a very large district, even so large that it had become 
as discontinuous as the distribution of many a species actually is. 
Such a concession would at once be taken as an admission of multiple, 
independent, origin instead of descent in Darwin's sense* 

1 The geographical diatribalion of Mammals/’ Manchester Science Ltcctures^ 1374, 

^ Aimiveraaiy address (Geological Sooietj, 1889) ( ZVoc, Geol. Boc, 1839—90, p- 67; 
Quart. Joum. slyi, 1890, 
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For the Bo-called multiple, independently repeated creation of 
species as an explanation of their rery wide and often quite dis- 
continuous distribution, he substituted colonisation from the nem'est 
and readiest source together with subsequent modification and better 
adaptation to their new home. 

He was the first seriously to caO attention to the many accidental 
means, “which more properly should be called occasional means of 
distribution,” especially to oceanic islands. His specific, even in- 
dividual, centres ot creation made migi’atious all the more necessary, 
but their extent was SEidly baulked by the prevailing dogma of the 
pei-manency of the oceans. Any number of small changes (“many 
islands having existed as halting places, of which not a wreck now re- 
mmns^”) were conceded freely, but few, if any, great enough to permit 
migration of truly terrestrial creatures. Ihe only means of getting 
across the gaps was by the principle of the “flotsam and jetsam,” a 
theory which Darwin took over from Lyell and further elaborated so as 
to make it applicable to many kinds of plants and animals, but sadly 
deficient, often grotesque, in the case of most terrestrial creatures. 

Another very fertile source was Darwin’s strong insistence upon 
the great influence wliieh the last glacial epoch must have had upon 
the distribution of animals and plants. Why was the migration of 
northern creatures southwards of far-reaching and most significant 
importance ? More northerners have established themselves in south- 
ern lands than mee versd, because there is such a great mass of land 
in the north and greater continents imply greater intensity of selection. 
“The productions of real islands have everywhere largely yielded to 
continental forms ,.,“lhe Alpine forms have almost everywhere 
largely juelded to the more domiuant forms generated in the larger 
areas and more efficient workshops of the Nortfr” 

Let us now pass in rapid survey the influence of the publication 
of TTie Origin of Species upon the study of Geographical Distribution 
in its wider sense. 

Hitherto the following thought ran through the miuds of most 
writers; 'Wlicrever we examine two or more widely separated 
countries their respective faunas are very difiereiit, but where two 
faunas cau come into contact with each other, they intermingle. 
Consequently these faunas represent centres of creation, whence 
the comiioiieut creatures have spread peripherally so far as existing 
boundaries allowed them to do so. This is of course the fiinda- 
mental idea of “ regions.” There is not one of the numerous witers 
who considered the possibility that these intermediate belts might 
represent not a mixture of species but transitional forms, the result of 
changes undergone by the most peripheral migrants in adaptation to 

' The Origin 0 / Species (1st edit.), p* 396. ® Ibid. p. 380. 
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their new eurrouiidings. The usual standpoint was also that of 
Pucheran^ in 1855. But what a change within the next ten years t 
Piicheran explains the agreement in coloration heWeen the desert 
and its fauna as “une haimonie post-^tablie ” ; the Sahara, formerly a 
maiine basin, was peopled by immigrants from the neighbouring 
countries, and these new animals adapted themselves to the new 
environment. He also discusses, among other similar questions, 
the Isthmus of Panama with regard to its having once been a strait 
From the same author may be quoted the following passage as a 
strong proof of the new influence : “ By the radiation of the con- 
temporaneous faunas, each from one centre, whence as the various 
parts of the world successively were formtMi and became habitable, 
they spread and became modified according to the local physical 
conditions," 

The “multiple” origin of each species as advocated by Sclater 
and Murray, although giving the species a broader basis, suffered 
from the same difficulties, Tliere w^as only one alternative to the 
old orthodox view of independent creation, namely the bold accept* 
aiice of land-connections to an extent for which geological and 
palaeontological science was not yet ripe. Those who slirank from 
either view, gave up the problem as mysterious and beyond the 
human intellect. This was the expressed opinion of men like 
Swaiiison, Lyell and Humboldt. Only Darwin had the courage to 
say that the problem was not insoluble. If we admit “tliat in the 
long course of time the individuals of the same species, and likewise 
of allied species, have proceeded from some one source ■ then I think 
all the grand leading facts of geographical distribution are explicable 
on the theory of migration,,. together with subsequent modifica- 
tion and the multiplication of new^ forms,” Wc can thus under- 
stand how it is that in some countries the inhabitants “arc linked 
to the extinct beings which formerly inhabitefl the same continent,” 
We can see why tw^o areas, having nearly the same physical 
conditions, should often be inhabited by very different forms of 
life,,,, and “>vc can see why in two areas, however distant from 
each other, there sliould be a correlation, in the presence of iden- 
tical species,,. and of distinct but representative species^,” 

Darwin's reluctance to assume great geological changes, such as 
a land-coimcetion of Europe with North America, is easily explained 
by the fact that he restricted himself to the distribution of the 
present and comparatively recent species, “ I do not believe that it 
will ever be proved that within the recent period continents which 

^ '‘Note sur Teqnatear aoologique,” et Mag. de Zoologies 1855 j also seTeral 
other papers, ibid. 1865, 1866, and 1867, 

^ The Origin of Species (1st edit.}, pp, 408, 409, 
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are now quite separatej have been continuously, or almost con- 
tinuously, united with each other, and with the many existing oceanic 
islands^” Again, “believing,. .that our continents have long remained 
in nearly the same relative position, though subjected to large, but par- 
tial oscillations of level,'* that means to say within the period of existing 
species, or “within the recent period^/* The difficulty was to a great 
extent one of his own making. Whilst almost everybody else believed 
in the immutability of the species, which implies an enormous age, 
logically since tlie dawn of creation, to him the actually existing 
species as the latest results of evolution, were necessarily something 
very new, so young that only the very latest of the geological epochs 
could have affected them. It has since come to our knowledge that 
a great number of terrestrial “recent” species, even those of the 
higher classes of Vertebrates, date much farther back than had been 
tliouglit possible. Many of them reach well into the Miocene, a 
time since which the world seems to have assumed the main outlines 
of the present continents. 

In the year 1866 appeared A. Murray's work on the Geographical 
Dutrihuifiem of Mammals^ a book which has perhaps received less 
recognition than it deserves. His treatment of the general intro- 
ductory questions marks a considerable advance of our problem, 
although, and partly because, he did not entirely agree with Darwin*s 
views as laid down in the first edition of The Origin of Spi^ieSy 
wffiich after all was the great impulse given to Murray*s work. Like 
Forbes he did not shrink from assuming enormous changes in the 
configuration of the continents and oceans because the theory of 
descent, with its necessary postulate of gi'eat migrations, required 
them. He stated, for instance, “ that a Miocene Atlantis sufficiently 
explains the common distribution of animals and plants in Europe 
and America up to the glacial epoch." And next he considers how, 
and by wliat changes, the rehabilitation and distribution of these 
lands themselves were effected subsequent to that period. Further, 
he deserves credit for having cleared up a misundersttmding of the 
idea of specific centres of creation. >lfTiilst for instance Sclimarda 
assumed without hesitation that the same species, if occurring at 
places separated by great distances, or by apparently insurmountable 
barriers, had been there created independently (multiple centres), 
Lyell and Darwin held that each species had only one single centre, 
and with this view most of os agree, but their starting point was 
to them represented by one individual, or rather one single pair. 
According to Murray, on the other hand, this centre of a species is 
formed by alt the individuals of a sx>ecies, all of w inch equally undergo 
those changes which new conditions may impose upon them. In this 
respect a new species has a multiple origin, but this in a sense very 
^ Ibid. p. 357. ^ Ibid. p. 370. 



(c) The Complete Work of Charles Darwin Online 



326 Geograpliwal Bistrihution of Animals 

different from that which was upheld by L. Agassiz, As Murray 
himself puts it: my multiple origin^ communication and direct 

derivation is essential* The species is compounded of many influences 
brought together through many individuals^ and distilled by Nature 
into one species ; aiid^ being once established it may roam and spread 
wherever it finds the conditions of life not materially different from 
those of its original centre^*’' This declaration fairly agrees with 
more modem views, and it must be borne in mind that the application 
of the single-centre principle to the genera, tainilies and larger groups 
in the search for descent inevitably leads to one creative centre for the 
wdiole animal kingdom, a condition as unwarrantable as the myth of 
Adam and Eve being the first representatives of Mankind* 

It looks as if it had required almost ten years for The Origin of 
Species to show its full effect, since the year 1868 marks the publica- 
tion of Haeckers Maturliehe Sehoepfungsgeschiehte, in addition to 
other great works* The terms Oeeolog^g (the relation of organisms 
to their cnvironiiicnt) and Chsrologg (their distribution in space) 
had been given us in his Generelle Morphologie in 1866 , The 
fourteenth chapter of the History of Creation is devoted to the 
distribution of organisms, their chorology, with the emphatic asser- 
tion that *^not until Darwin can chorology be spoken of as a separate 
science, since he supplied the acting causes for the elucidation of the 
hitherto accumulated mass of facts/^ A map (a h\q>othetical sketch ”) 
shows the monophylctic origin and the routes of distribution of Man. 

Natural Selection may be all-mighty, all-sufficient, but it requires 
time, so much that the countless aeons required for the evolution of 
the present finina M^ere soon felt to be one of the most serious draw- 
backs of the theory* Therefore every help to case and shorten this 
process should have been M^elcomed In 1868 M, Wagner ^ came to 

^ MqiTaj, The. Bhltihxiiion of MmnmoU, p, 14. London, 1866* 

“ The first to fommlate clearly the fundamental idea of a theory of migration and its 
importance in the origin of new species was L* von Bach, who in his PhysiMUgche 
Bei,<;Jtreibuny der Gananschen Imeln, written In 1825, wrote as followB: ^*Upon the con- 
tinents the individuals of the genera by spreading far, form, through differences of the 
locality, food and soil, varieties which finally become eonstant aa new species, ainee owing 
to the distances they oonld never be crossed with other varietiea and thus be brought back 
to the main type* Next they may again, perhaps upon different roads, return to the old 
home where they find the old type likewise changed, both having become so dilferent that 
they can interbreed no longer. Not so upon islands, where the individuals shut up in 
narrow valleys or within narrow districts, can always meet one another and thereby 
destroy every new attempt towards the fljsing of a new variety.” Clearly von Buch explains 
here why island types remain fixed, and why these types themselves have become so 
different from their continental congeners— Actually von JBuch is aware of a most 
important point, the difference in the process of development which exists between a new 
species &, which is the result of an ancestral species u having itself changed into h and 
thereby vanished itself, and a new species c which arose through separation out of the 
same ancestral a, which itself persists as such unaltered. Yon Buch’s prophetic view seems 
to have escaped Ly eU^s and even Wagner's notice* 
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the rescue ivith his Davwhi^sehe Th^orie und da$ Migvafjk>ns-0es€tz 
de 7 ' Orgammten\ He shows that migration, Le, change of locality, 
implies new enviromneiital conditions (never mind whether these be 
new stimuli to variation, or only acting as their selectors or 
censors), and moreover secures separation from the original stock 
and thus eliminates or lessens the reactionary dangers of panmixia, 
Darwin accepted Wagner’s theory as “ advantageous/' Through the 
heated polemics of the more ardent selectionists Wagner's theory 
came to grow into an alternative instead of a help to the theory of 
selectional evolution. Separation is now rightly considered a most 
important factor by modern students of geographical distribution. 
For the same year, 1868, we have to mention Huxley, whose 
Arctogaca and Notogaea are nothing less than the reconstructed 
main masses of land of the Mesozoic period. Beyond doubt the 
configuration of laud at that remote period has left recognisable 
traces in the present continents, but whether they can account for 
the distribution of such a much later group as the Gallinaceous birds 
is more than questionable* In a!]y case he took for his text a large 
natural group of birds, cosmopolitan as a whole, but with a striking 
distribution. The Peristeropodes, or pigeon-footed division, arc re- 
stricted to the Australian and Neotropical regions, in distinction to 
the Alectoropodes (wdth the halhix inserted at a level above the front 
toes) which inhabit the whole of the Arctogaea, only a feAv members 
having spread into the South World* Further, as Asia alone has its 
Pheasants and aDies, so is Africa characterised by its Guinea-fowls and 
relations, America has the Turkey as an endemic genus, and the 
Grouse tribe in a wider sense has its centre in the holarctic region : 
a splendid object lesson of descent, world- wide sprea^ling and subse- 
quent differentiatioiL Huxley, by the way, was the first— at least in 
private talk~to state that it will be for the morphologist, the well- 
trained anatomist, to give the casting vote in questions of geogi“apliieal 
distribution, since he alone can determine whether we have to deal 
with homologous, or analogous, convergent, representative forms* 

It seems late to introduce Wallace's name in 1876, the year 
of the publication of his standard work^* We cannot do better than 
quote the author's own words, expressing the liope that Ms ''book 
should bear a similar relation to the eleventh and twelfth chapters 
of the Origin of Species as Darwin’s Arvtmals and Plants tinder 
Doniestication does to the first chapter of that work, and to add 
that he has amply succeeded. Pleading for a tew primai'y centres he 
accepts Sclater’s six regions and does not tbllow Huxley's courageous 
changes which Sclater himself had accepted in 18/4* Holding tlie 

^ Leipzig, 1868 * 

^ Th.^ Geograj^hical of 3 vola* Lon do a ^ 187G, 
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view of the pennanence of tlie oceans he accounts for the colonisation 
of outlying islands by further elaborating the views of Ljell and 
Darwin, especially in his fascinating Idmnd lAft^ with remarkable 
chapters on the Ice Age, Climate and Time and otlier fundamental 
factors. His method of arriving at the degree of relationslup of the 
faunas of the various regions is eminently statistical Long lists of 
genera determine by their numbers the affinity and hence the source 
of colonisatioiK In order to make sure of his material he performed 
the laborious task of evolving a new classification of the host of 
Passerine birds. This statistical method has been followed by many 
authors, who, relying more upon quantity than quality, have obscured 
the fact that the key to the present distribution lies in the past 
changes of the earth’s surfiica However, with Wallace begins the 
modern study of the geographical distribution of animals and the 
sudden interest taken in tliis subject by an ever widening circle of 
enthusiasts far beyond the professional brotherhood 

A considerable literature has since growu up, almost bewildering 
in its range, diversity of aims and style of procedure. It is a chaos, 
with many paths leading into the maze, but as yet very few take us 
to a {Misition commanding a view of the whole intricate terrain mth 
its impenetrable tangle and pitfalls. 

One line of rescarcli, not initiated but greatly influenced by 
Wallace’s works, became so prominent as to almost constitute a 
period which may be characterised as that of the search by specialists 
for either the justification or the amending of his regions. As class 
after class of animals was brought up to reveal the secret of the true 
regioiLs, some autliors saw in their different results nothing but the 
faultincss of previously established regions; others looked upon 
eventual agreements as their final corroboration, especially when for 
instance such diverse groups as mammals and scorpions could, with 
some ingenuity, be made to harmonise. But the obvious result of 
all these efforts was the growing knowledge that almost every class 
seeine<l to follow principles of its own. The regions tallied neither in 
extent nor in numbers, although most of them gravitated more and 
more towards three centres, namely Australia, South America and 
the rest of the world. Still zoologists pei^isted in the seai‘ch, and the 
various modes and capabilities of dispei'sal of the respective groups 
were thought sufficient explanation of the divergent results in trying 
to bring the mapping of the world under one scheme, 

Contcmporaiy literature is full of devices for the mechanical 
dispersal of animals. Marine currents, wann and cold, were favoured 
all the more since they showed the probable original homes of the 
creatures in questioiL If these could not stand sea-water, they 
floated upon logs or icebergs, or they were blown across by storms ; 
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fishes were lifted over barriers by waterspouts, and there is on record 
even an hypothetical land tortoise, full of eggs, which colonised an 
oceanic island after a perilous sea voyage upon a tree tmnk. 
Accidents will happen, and beyond doubt many freaks of discon- 
tinnous distribution have to be accoinited for by some such incatiB. 
But wliilst sufficient for the scanty settlers of true oceanic islands, 
they cannot be held seriously to account for the rich fauna of a large 
continent, over which x>Etlaeontology shows us that the inimigrants 
have passed like waves. It should also be lx>rne in mind that there 
is a groat difference between flotsam and jetsam, A current is an 
extension of the same medium and the animals in it may suffer no 
change during even a long voyage, since they may be brouglit from 
one litoral to another where they mil still be in the same or but 
slightly altered environment. But the jetsam is in the position of a 
passenger who has been carried off by the wrong train. Almost 
every year some American land birds arrive at our western coasts 
and none of them have gained a penuanent footing although such 
visits must have taken place since prehistoric timea It was there- 
fore argued that only those grouijs of animals should be used for 
locating and defining regions which were absolutely bound to the 
soil Tliis method likewise gave results not reconcilable with each 
other, even when the distribution of fossils was taken into account, 
but it pointed to the absolute necessity of searching for former 
land-connections regardless of their extent and the present depths 
to wliich they may have sunk. 

That the key to the present distribution lies in the past had 
been felt long ago, but at last it was appreciated that the various 
classes of animals and plants have appeared iu successive geological 
epochs and also at many places remote fi'om each other. The key to 
the distribution of any group lies in the configuration of land and 
water of that epoch in which it made its first appearance. Although 
this sounds like a platitude, it has frequently been ignored. If, for 
argument's sake, Amphibia were evolved somewhere upon the great 
southern land-mass of Carboniferous times (supposed by some to have 
stretched from South America across Africa to Australia), the dis- 
tribution of this developing class must have proceeded upon lines 
altogether different from that of the mammals which dated perhaps 
from lower Triassie times, when the old south continental belt was 
already broken up. The broad lines of this distribution could never 
coincide with that of the other, older class, no matter whether the 
original mammalian centre was in the Afro-Indian, Australian, or 
Brazilian ijortion. If all the various groups of animals had come into 
existence at the same time and at the same place, then it would be 
possible, with sufficient geological data, to construct a map showing 
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the generalised resnlte applicable to the whole animal kingdom* 
But the premises are wrong. Whatever regions we may seek to 
establish applicable to all classes^ we are necessarily mixing up several 
principles, namely geological, historical, i,a evolutionary, with present 
day statistical facts* We might as well attempt one compound 
picture representing a chick's growth into an adult bird and a child's 
growth into manhood. 

In short there are no general regions, not even for each class 
separately, unless this class be one which is confined to a com- 
paratively short geological period. Most of the great claeses have 
far too long a history and have evolved many successive main groups. 
Let us take the mammals. Marsupials live now in Australia and in 
both Americas, because tliey already existed in Mesozoic times ; 
Ungulata existed at one time or other all over the world except in 
Australia, because they are post-Cretaccous ; liisectivorce, althougli 
as old as any Placentalia, are cosmopolitan excepting South America 
and Australia ; Staggs and Bears, as examples of comparatively recent 
Arctogacans, are found everywhere with the exception of Ethiopia 
and Australia. Each of these groups teaches a valuable historical 
lesson, but when these are combined into the astablishiiient of a tew 
mammalian “realms,” they mean nothing but statistical majorities. 
If there is one at all, Australia is such a realm backed against the 
rest of the world, but as certainly it is not a mammalian creative 
centre 1 

W^eU then, if the idea of generally applicable regions is a mare's 
nest, as was the search for the Holy Grail, what is the object of the 
study of geogi^aphical distribution? It is nothing less than the 
history of the evolution of life in space and time in the widest sense* 
The attempt to account for the present distribution of any gi'oup of 
organisms involves the aid of every branch of science. It bids fair to 
become a history of the world. It started in a mild, statistical way, 
restricting itself to the present fauna and flora and to the present 
configuration of land and water* Next came Oceanography concerned 
with the depths of the seas, their currents and temperatures; then 
inquines into climatic changes, culminating [in iiTeconeilable astro- 
nomical hypotheses as to glacial epochs ; theories about changes of 
the level of the seas, mainly from the point of view of the physicist 
and astronomer. Then came more and more to the front the import- 
ance of the geological record, hand in hand with the palaeontological 
data and the search for the natui'al affinities, the genetic system of 
the organisms* Now and then it almost seems as if the biologists 
had done their share by supplying the problems and that the 
physicists and geologists would settle them, but in reality it is not 
so. The biologists not only set the problems, they alone can check 
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the offered solutions* ITie mere fact of palms having flourished in 
Miocene Spitzbergen led to an hypothetical shifting of tlic axis of 
the world rather than to the assumption^ by way of explanationj that 
the palms themselves might have changed their nature- One of the 
most valuable aids in geological research, often the only means for 
reconstructing the fece of the earth in by-gone periods, is aflbrded by 
fossils, but only the morphologist can pronounce as to their trust- 
worthiness as witnesses, because of the danger of mistaking analogous 
for homologous forms. This difficulty applies equally to living groups, 
and it is so imiiortant that a few instances may not be amisa 

There is undeniable similarity between the feiinas of Madagascar 
and South America. Tliis was supported by the Centetidae and l>en- 
drobatidae, two entire “ families/' as also by other facta The value 
of tlie Insectivores, Solenodon in Cuba, Centetes in Madagascar, has 
been much lessened by their recognition as an extremely ancient 
group and as a case of convergence, but if they are no longer put 
into the same family, this amendment is really to a great extent due 
to their widely discontinuous distribution. The only systematic 
difference of the Dendrobatidae from the Ranidae is the absence of 
teeth, morphologically a very unimportant character, and it is now 
agreed, on the strength of their distribution, that these little arboreal, 
conspicuously coloured frogs, Dendrobates in South America, Mantella 
in Madagascar, do not form a natural group, although a third genus, 
Cardioglossa in West Africa, seems also to belong to them. If these 
creatures lived all on the same continent, we should unlicsitatingly 
look upon them as forming a well-defined, natural little group. On 
the other hand the Aglossa, with their three very divergent genera, 
namely Pipa in South America, Xenopus and Hymenochirus in Africa, 
are so well characterised as one ancient group that wo use their 
distribution unhesitatingly as a hint of a former connection between 
the two continents. We are indeed arguing in vicious circlea The 
Ratitae as such are absohitely worthless since they aie a most 
heterogeneous assembly, and there arc untold groups, of the arti- 
ficiality of whidi many a zoo-geographer had not the slightest 
suspicion when he took his statistical material, the genera and 
families, from some systematic catalogues or similar lists. A lament- 
able instance is that of cei'taiii flightless Rails, recently extinct or 
sub-fossil, on the islands of Mauritius, Rodriguez and ChathaiiL Being 
flightless they have been used in support of a former huge Antarctic 
continent, instead of ruling them out of court as Rails which, 
each in its island, have lost the power of flight, a process which 
must have taken place so recently that it is difficult, ujk)!! morpho- 
logical gi'ounds, to justify their separation into Aphanapteryx in 
Mauritius, Erythromachus in Rodriguez and Diaphorapteryx on 
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Chatham Island Morphologically they may well form but one genus, 
since they have sprung from the same stock and have developed upon 
the same lines ; they are therefore monogenetic : but since we know 
that they have become what they are indej>endently of each other 
(now unlike any other Rails), they are polygenetic and therefore 
could not form one genus in the old Darwinian sense. Further, they 
are not a case of convergence, since their ancestry is not divergent 
but leads into the same stratum. 

T/ic vemmiruotimh of the geography of mccessive epochs. 

A promising method is the study by the specialist of a large, widely 
distributed group of animals from an evolutionary point of view. Good 
examples of this method are afforded by A. E. Ortmann^s^ exhaus- 
tive jiaper and by A. W, Grabau^s ^^Phylogeuy of Fusus and its 
Allies '' {Smithsonian Misc. CoU. 44, 1904). After many impoi^nt 
groups of animals have been treated in this way — as yet sparingly 
attempted — the results as to hypothetical land-connections etc. are 
sure to be corrective and supplementary, and their problems will be 
solved, since they are not imaginary, 

Tlie same problems are attacked, in the reverse way, by starting 
with the whole fauna of a counti'y and thence, so to speak, letting 
the research radiate. Some groups will be considered as autoch- 
thonous, others as iimiiigraiits, and the directions followed by them 
will be inquired into ; the search may lead far and in various direc- 
tions, and by comx>arison of results, by making compound maps, certain 
routes will assume definite shape, and if they lead across straits and 
seas they are warrants to search for land-connections in the past^. 
There are now^ not a few maps purporting to show the outlines of 
land and water at various ejioclis. Many of these attempts do not 
tally with each other, owing to the lamentable deficiencies of geological 
and fossil data, but the bolder the hypothetical outlines are <lrawn, 
the better, and this is preferable to the insertion of bays and similar 
detail winch give such maps a fallacious look of certainty where none 
exists. Moreover it must be bome in mind that, w^hen we draw a 
broad continental belt across an ocean, this belt need never have 
existed in its entirety at any one time. The features of dispersal, 
intended to be explained by it, would be accomplished just as well 
by an imknowm number of islands which have joined into larger com- 
plexes while elsewhere they subsided again : like pontoon-bridge 

^ The geographical distribution of Freshwater Decapods and its bearing upon ancient 
geography/^ Proc. Amer. Fhil. Soq. Tol. 41, 1902. 

^ A fair sample of this method ia C. H. Eigenniann’a “ The Freshwater Fiehes of 
South and Middle America,” Popular Scieme Monthly ^ Vol, 08, 1906. 
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which may be opened anjwlierej or like a series of superimposed 
dissolving views of land and sea-scapes. Hence the reconstructed 
maps of Eiiropej the only continent tolerably known^ show a con- 
siderable number of islands in pui^^^ling changes^ while elsewhere^ 
e.g. in Asiaj we have to be satisfied with sweeping generalisations. 

At present about half-a-dozen big connections^ are engaging our 
attentionj leaving as comj)aratively settled the extent and the duration 
of such minor “bridges'" as that between Africa and Madagascar, 
Tasmania and Australia, the Antilles and Central America, Europe 
and North Africa 

Comiection of South JSasteru Asia loith Austredia, Neiimayr^s 
Sino-Australian continent during mid-Mesozoic times was probably a 
much changing Archipelago, Vrith final separations subsequent to the 
Cretaceous period. Henceforth Australasia was left to its own fate, 
but for a possible connection with the antai'ctic continent. 

Afnea, Madagascar^ India, The “Lemiiria” of Sclater and 
Haeckel cannot have been more than a broad bridge in Jurassic 
times ; whether it was ever available for the Lemurs themselves must 
depend upon the time of its duration, the more recent the better, 
but it is difficult to show that it lasted into the Miocene. 

Africa and South America, Since the opposite coasts show an 
entire absence of marine fossils and dejiosits during the Mesozoic 
period, whilst further north and south such are known to exist and are 
mostly identical on either side, Neumayr suggested the existence of 
a great Afro-South American mass of land during the Jurassic epoch, 
buch land is almost a necessity and is supported by many facts ; it 
would easily explain the distribution of numerous groups of terrestrial 
creatures. Moreover to the north of this hypothetical land, some- 

^ Not a few of those who are fascinated bj, and satisfied with, the statistical aspect of 
difitiibtition still have a strong dislike to the use of bridges’' if these lead over deep 
seae, and thej get over present discontinuous occurrences by a former “univeraal or 
sub-nniversal distribution ” of their groups. This is indeed an easy method of cutting 
the knot, but in reality they shunt the question only a stage or two back, never troubling 
to eiplain liow their groups managed to attain to that eub -uni verso! range ; or do they 
still suppose that the whole world was originally one paradise where evety thing lived side 
by side, until sin and strife and glacial epochs left nothing but scattered survivors? 

The permaneneo of the great ocean-basins had become a dogma since it was found 
that a universal elevation of the land to the extent of lOO fathoms would produce but 
little changes, and when it was shown that even the 1000 fathom-line followed the great 
masses of land rather closely, and still leaving the great basins (although transgression of 
the sea to the same extent would ehange the map of the world beyond recognition^, by 
general consent one mile was allowed as the utmost speculative limit of subsidence. 
Naturally two or three miles, the average depth of the oceans, seems enormous, and yet 
such a dificrence in level is as nothing in comparison with the si^e of the Earth. On 
a clay model globe ten feet in diameter an ocean bed three miles deep would scarcely be 
detected, and the highest mountains would be smaller than the unavoidable grains iu the 
glazed surface of our modeL There are but few countries which have not been submerged 
at some time or other. 
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where acroHH from the Antilles and Ouiaua to North Africa and South 
Western Kuroi)e» existed an almost identical fauna of Corals and 
Molluscs, imlicating either a coast-line or a series of blanda interrupted 
by shaUow seas, just as one would expect if, and when, a Bm%ih 
Ethiopian mass of land were breaking npi Jjsmtly from Central 
America to the Mediterranean stretches one of the Tertiary tectonic 
lines of the geologists Here also the great question is how long this 
continent lasted. Apparently the South Atlantic began to encroach 
from the south so that by the later Cretaceous epoch the land was 
reduced to a comparatively iiaiT«jw Brazil-West Africa, remnaiits of 
which pornisted ceHainly into the early Tertiary, until the South 
Atlantic joined across the equator with the Atlantic portion of the 
‘‘Tlietyfl,** leaving what remained of South America isolated from the 
rest of the w orld. 

Antnretie eauf^eHoas. Patagonia and Argentina seem to have 
joined Antarctica during the Cretaceous epoch, and this South Georgian 
bridge had broken down again by mid-Tertiary times when South 
America became consolidated The Antarctic continent, presuming 
that it existed seems also to have been joined, by way of Tasmania, 
with Australia, also during the Cretaceous ci>och, and it is assumed 
that tlic great Australia- Antarctic- Patagonian land was severed first 
to the south of Tasmania and then at the South Georgian bridge. 
No connection, and this is iiiipurtant, is indicated l}ctween Antarctica 
and cither Africa or Madagascar. 

So far we have followed what may be called the vicissitudes of 
the great Permo-Carboniferous Gondwana land in its fullest imaginary 
extent, an enormous equatorial and smith temperate belt from South 
America to Africa, South India and Australia, which seems to have 
provided the foundation of the present Southern continents, two of 
whicli temporarily joined Antarctica, of which however we know 
nothing cxce]it that it exists now. 

ijci us next consider the Arctic and iieriarctic landa Unfortunately 
very little is known about the region within the arctic circle. If it 
was all land, or more likely greiit changing archipelagoes, faunistic 
exchange lictwceii North America, Europe and Siberia would present 
no difficulties, but there is one connection winch engages miicli atten- 
tion, namely a land where now lies tlie Nortli temperate and Northern 
part of the Atlantic oceaa How far south did it ever extend and 
what is the latest date of a direct practicable communication, say 
from North Westeni Europe to Greenland 1 Conuectioiis, perhaps 
often iutemipted, e*g. between Greenland and Labrador, at another 
time between Greenland and Scandinavia, seem to have existed at 
least since the Permo-Carbouifertms epoch. If they existed also in 
late Cretaceous and in Tertiary times, they would of course easily 
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explain exclianges which we know to have repeatedly taken place 
between America and Europe, but they are not proved thereby, eince 
most of these exchanges can almost as easily have occurred across 
the polar regions, and others still more easily by repeated junction of 
Siberia witli Alaska. 

Let us now describe a hypothetical case based on the supposition 
of connecting bridges. Not to w^ork in a circle, we select an important 
group which has not served as a basis foi’ the reconstruction of 
bridges ; and it must be a group which wo feel justified in assuming 
to be old enough to have availed itself of ancient land-connections. 

The occurrence of one species of Peripatus in the whole of Aus- 
tralia, Tasmania and New Zealand (the latter being joined to Australia 
by w^ay of New Britain in Cretaceous times but not later) puts the 
genus back into this epoch, no unsatisiactory assumption to the 
morphologist. Tlie apparent absence of Peripatus in Madagascar 
indicates that it did not come from the east into Africa, that it was 
neither Afro-Indian, nor Afro-Australian ; nor can it have started in 
South America. We therefore assume as its creative centre Australia 
or Malaya in the Cretaceous epoch, whence its occurrence in Sumatra, 
Malay Peninsula, New^ Britain, New Zealand and Australia is easily 
explanied. Then extension across Antarctica to Patagonia and Chile, 
whence it could spread into tlie rest of South America as this 
becan>e consolidated in early Tertiary times. For getting to the 
Antilles and into Mexico it would have to wuit until tlie Miocene, 
but long before that time it could amve in Africa, tliere surviving as 
a Congolese and a Cape species. Tliis story is unsupported by a 
single fossil, Peripatus may have been “sub-uuivei^sar' all over 
greater Gontlw^ana laud in Carboniferous times, and then its alisence 
from Madagascar w'ould be difiicult to explain, but the migrations 
suggested above amount to little considering that the distance 
from Tasmania to South America could be covered in far less time 
than that represented by the whole of the Eocene epoch alone. 

Thei^e is yet another field, cssoutially the domain of geographical 
distribution, the cultivation of which promises fair to throw much 
light upon Nature's w^ay of making species. Tins is the study of the 
organisms with regard to their environment. Instead of revealing 
pedigrees or of showing how and when the creatures got to a 
certain locality, it investigates how they behaved to meet the ever 
changing conditions of their habitats. Tliere is a facies, characteristic 
of, and often j>cculiar to, the fauna of tropical moist forests, another 
of deserts, of high mountains, of undergiound life and so forth ; 
these same facies are stamped upon whole associations of animals and 
plants, although these may be — and in widely separated countries 
generally are “drawn from totally different families of their respec- 
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tive orders. It does not go to the root of the matter to say that 
these facies have been brought about by the exteimination of all the 
others which flid not happeii to fit hito their particular environment. 
One might almost say that tropical moist forests must have arboreal 
frogs and that these are made out of whatever suitable material 
happened to be available ; in Australia and South America Ilylidae^ 
in Africa Ranidaej since there Hylas are ateent. The deserts must 
have lizard^ capable of standing the glare, the great changes of tem- 
perature, of running over or brnrowing into the loose sand. IrVlien 
as in America Iguanids are available, some of these are thus modified, 
while in Africa and Asia the Agamids are dra\\m upon. Both in the 
Bamara and in the Transcaspian deserts, a Gecko has been turned 
into a runner upon sand ! 

We cannot assume that at various epochs deserts, and at others 
moist forests were continuous all over the world. The diflerent facies 
and associations were developed at various times and places. Are 
we to suppose that, wherever tropical forests came into existence, 
amongst the stock of humivagous lizards were always some which 
presented those nascent variations which made them keep step with 
the similarly nascent forests, the overwhelming rest being eliminated? 
This principle would imply that the same stratum of lizards always 
had variations ready to fit any changed environment, forests and 
deserts, rocks and swamps. Tlie study of Ecology indicates a different 
procedure, a great, almost boundless plasticity of the organism, not 
in the sense of an exuberant moulding force, but of a readiness to 
be moulded, and of this the “variations” are the visible outcome. 
In most cases identical facies arc produced by heterogeneous con- 
vergences and these may seem to be but superficial, affecting only 
what some authors are pleased to call the physiological characters ; 
but environment presumably affects first those parts by which the 
organism comes into contact with it most directly, and if the internal 
structures remain unchanged, it is not because these arc less easily 
modified but because they are not directly afiectetL IrMien they are 
aftected, they too change deeply enough. 

That the i>lasticity should react so quickly — indeed this very 
quickness seems to have initiated our mistaking the variations called 
for til for something perfonned — and to the point, is itself the out- 
come of the long training wliich protoplasm has iindergoiic since its 
creation. 

In Nature’s workshop he does not succeed wlio has ready an arsenal 
of tools for eveiy conceivable emergency, but he who can make a 
tool at the spur of the moment The ordeal of the practical test is 
Charles Darwin's glorious conception of Natural SelcetioTL 
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DARWIN AND GEOLOGY 

By J, W, Judd, LLD., F.Ra 

In one of the very iiiteroBtiiig conversations which I ha<ij^with 
Charles Darwin during the last seven years of hie life^ he asked 
me ill a very pointed uianner if I were able to recall the cii*cum- 
stanccs, accidental or otherwise, which had led me to devote myself 
to geological studies. He informed me that he was making similar 
inquiries of other frieuds, and 1 gathered from what he said that 
he contemplated at that time a study of the causes producing 
scientific bias in individual mindsL I have no m&ns of knowing how 
far this project ever assumed anything like concrete fonu, hut certain 
it k that I^rwin himself often indulged in the processes of mental 
introspection and analysis ; and he has thus fortmiately left us — in 
his fragments of autobiography and in his corrcsjKindence — the 
materials from which may be recouHtructed a fairly complete liistory 
of his own iiieiital development. 

There are two perfectly distinct inquiries which we have to 
undertake in eotmetdiioti with the development of Darwin’s ideas on 
the subject of evolution : 

First How, when, and under what conditions was Darwin 1^ 
to a conviction that species were not immutable^ but were derive^l 
from pre-existing forms? 

By what lines of reasoning and research was he 
brought to regard “ natural selection ” as a vera attmi in the process 
of evolution ? 

^ Mr Francis Darwin h&n related how his father oooABionallj came up from Down 
to spend a few days with his brother Erasmni in London, and, after his brother's death, 
with his daughter, Mrs Litohdeld. On these ooeasions, it was his habit to arrange 
meetings with Huxley, to talk over Eoologieal questions, with Hooker, to disenss botanical 
problems, and with LyeU to hold eonvereations on geology. After the death of Ljell, 
Darwin, knowing my eloee intimacy with his friend during hie later years, need to ask mo 
to meet him when he came to town, and "talk geology.” The **talka" took place 
•ometitnes at Jennyn Street Museum, at other times in the Royml College of Science, 
South Eensingtoa; but more frequently, after hafing lunch with him, at hia hrolher’s 
or his daughter's bouse. On several occasions, howerer, 1 hod the pleasure of visiliiig 
Kim it Down, to the poetsenpi of s later (of April 1$, IStO) anranging one of thees 
Tisits, he writes ; " Since poor, dear I^ydFs death, I rarely hare the pleasure of geological 
talk with anyone.’* 
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It is the first of these inquiries which speciaEy interests the 
geologist ; though geology undoubtedly played a part — and by no 
means an insignificant part— in respect to the second inquiry* 

When, indeed, the history comes to be written of that great 
revolution of thought in the nineteenth century, by which the 
doctrine of evolution, from being the dream of poets and visionaries, 
gradually grew to be the accepted creed of naturalists, the para- 
mount influence exerted by the infant science of geology— and 
especially that resulting from the publication of Lyell s epochs 
making work, the Principles of Qmlogy — cannot fail to be regarded 
as one of the leading factors* Herbert Spencer in his Autobiography 
bears testimony to the effect produced on his mind by the recently 
published PriwyipleSj when, at the age of twenty, he had already 
begun to speculate on the subject of evolution^ ; and Alfred Eussel 
Wallace is scarcely less emphatic concerniug the part played by 
LyelFs teaching in his scientific education^. Huxley wote in 
I owe more than I can tell to the careful study of the PrimipUs of 
Geology in my young days^” As for Charles Darwin, ho never 
tired — either in his published writings, his private correspondence 
or his most intimate conversations— of ascribing the aw^akening of 
his enthusiasm and the direction of his energies towards the 
elucidation of the problem of development to the Prmeiples of 
Geology and the personal influence of its autlior, Huxley has well 
expressed w^liat tlie author of the Origin of Species so constantly 
insisted upon, in the statements “Darwin's greatest work is the 
outcome of the unflinching application to Biology of the leading 
idea and the method applied in the Priifmples to Geology^,” and 
“LyeU, for otliers, as for myself, w^as the chief agent in smoothing 
the road for Darwin^/' 

We propose therefore to consider, first, what Darwin owed to 
geolog}' and its cultivators, and in tlie second place how he was able 
in the end so fully to pay a gi^eat debt w^hich he never failed to 
acknowledge* Tlianks to the invaluable materials contained in the 
Life mid Letters of Charles Danmrt (3 vols*) published by Mr Francis 
Darwin in 1887 ; and to More Letters of Charles Dammi (2 vols*) 
issued by the same author, in conjunction with Professor A* C. 
Seward, in 1903, we are permitted to follow the various movements 



^ Herbert Spencer's AutohiogTa]>hy^ London, 1904, YoL i* pp* 175—177- 
^ See My Idfe ; a record of EvmU a/jd London, 1905, Tol. i* p* 355, etc* 

Also his reyiow of LyelPs Principles in Quarterly Peuieu) (Vol. 126), 1869, pp* 359—394, 
See also The Barwin-Waliace Celebration by the Binnean Society (1909), p. 118. 

^ “ Science and Pseudo Science;'^ Collected London, 1902, Vol. v. p. 101, 

^ Proc. Soe. YoL zrJ^v. (1&88), p. viii. ; Collected Emays^ ir. p. 268, 1902* 

^ Life and Letters of Charles Darwin^ ii. p* 190. 
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in Darwin's mind, and are able to record the story almost entirely in 
his own woi'ds\ 

From the point of view of the geologist, Darwin's life naturally 
divides itself into four periods. In the first, covering twenty-two 
years, various influences were at work militating, now for and now 
against, his adoption of a geological career ; in the second period — 
the five memorable years of the voy^e of the Beagle — ardent 
sportsman with gome natural-liigtory tastes, gradually became the 
most enthusiastic and enlightened of geologists ; in the third period, 
lasting ten years, the valuable geological recruit devoted nearly all 
his energies and time to geological study and discussion and to 
preparing for publication the numerous observations made by him 
during the voyage ; the fourth period, which covers the latter half of 
his life, found Darwin gradually drawn more and more from geological 
to biological studies, though always retaining the deepest interest in 
the progi-ess and fortunes of liis “ old love.” But geologists gladly 
recognise the fact that Darwin immeasurably better served their 
science by this biological work, than he could jmssibly have done by 
confining himself to purely geological questions. 

From his earliest childhood, Darwin was a collector, though up 
to the time when, at eight yeai’s of age, he went to a preparatory 
school, seals, franks and similar trifles appear to have been the only 
objects of his quest. But a stone, which one of his schoolfellows 
at that time gave to him, seems to have attracted his attention and 
set him seeking for pebbles and minemls ; as the result of this newly 
acijuired taste, he says (writing in IHliH) “I distinctly recollect the 
desire I had of being able to know gometliiug about every pebble 
ill front of the hall door~it was my earliest and only geological 
aspiration at that time K” He further states that while at Mr Case's 
school “I do not remember any mental pursuits except those of 
collecting stones,” etc.... “I was bom a naturalist^/' 

The court-yard in front of the hall door at the Mount House, 
Darwin's birthplace and the home of his childhood, is surrounded 
by beds or rockeries on which lie a number of pebbles. Some of 
these pebbles (in quite recent times as I am informed) have been 
collected to form a “ cobbled ” space in front of the gate in the outer 
wall, which fronts the hall door ; and a similar “ cobbled area,” there 
is reason to believe, may have existed in Darwin's childhood before 
the door itselfi The pebbles, which were obtained from a neighbour- 
ing gravebpit, being derived from the glacial drift, exhibit very 

1 Tlie firat of these worta is indicated in the foUowing pages by the letters L. L, ; the 
aecond by Af . L. 

= M. L* i. p. 3. “ 

22-- 2 
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striking diflerences in colour and form* It was probably this circum- 
stance which aw^akened in the child his love of observation and 
speculation* It is certainly remarkable that “aspirations” of the 
kind should have arisen in the mind of a child of 9 or 101 

When he went to Shrewsbury School, he relates “I continued 
collecting minerals with much zeal, but quite unscientifically — all 
that 1 cared about was a new mineral, and I hardly attempted 

to classify them\” 

There has stood from very early times in Darwin's native 
town of Shrewsbur)% a very notable boulder which has probably 
marked a boundary and is known as the “Bell-stone” — giving its 
name to a house and street* Darwin tells us in his Autohiography 
that while he was at Shrewsbury School at the age of 13 or 14 
“an old Mr Cotton in Shropshire, who knew a good deal about 
rocks ” pointed out to me “ the ' bell-stone ' ; he told me that there 
was no rock of the same kind nearer than Cumberland or Scotland, 
and he solemnly assured me that the w^orld would come to an end 
befoi^e anyone would l>e able to explain how this stone came where it 
now lay ” 1 ]>arwiii adds “ This produced a deep impression on me, 
and I meditated over this wonderful stonel” 

The “bell-stone” has now, owing to the necessities of building, 
been removed a short distance fi^om its original site, and is carelully 
preserved within the avails of a bank. It is a block of irregiilar 
shape 3 teet long and 2 feet wide, and about 1 foot thick, w^eighing 
probably not less than one-third of a ton* By the courtesy of 
the directors of the National Provincial Bank of England, I have 
been able to make a minute examination of it, and Professors 
Bouncy and AVatts, with Mr Harker and Mr Feamsides have given 
me their valuable assistance. The rock is a much altered andesite 
and was probably derived from the Arenig district in North AVales, 
or possibly from a point nearer the Welsh Border^* It was of course 
brought to w^here Shrewsbury now stands by the agency of a glacier— 
as Darwin afterwards learnt* 

AVe can w^ell believe from the perusal of these reminiscences that, 
at this time, Darwin's mind was, as he himself says, “pre|>ared 
for a philosophical treatment of the subject” of G oology ^ AAlien at 

1 i* L* I. p* 34* ^ L. L. I. p, 41* 

® I am greatly indelited to the Managers of the Banfe at Shrewsbury for kind asaistanc-e 
in the examination of this interesting memorial : and Mr H* T. Beddoea, the Curator 
of the Shrewabury Museum j has given me some archaeological information concerning 
the stone, Mr Richard Cotton was a good local naturalist, a Fellow both of the 
Geological and Linnean Societies; and to the olhcera of these societies I am indebted 
for information concerning him* He died in 1639, and although he does not appear to 
have published any scientific papers, he did far more for science by infltienoing the career 
of the school boy I 
* B* L. I. p* 41* 
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the age of 16, however, he was entered as a medical student at 
Edinburgh Univeraity, he not only did not get any encouragement 
of his scientific tastes, but was positively repelled by the ordinary 
instruction given there. Dr Hope's lectures on Chemistiy, it is true, 
interested the boy, who with his brother Erasmus had made a 
laboratory in the toolhoiise, and was nicknamed “Gas'" by his school- 
fellows, while undergoing solemn and public reprimand from Dr Butler 
at Shrewsbury Scliool for thus w^asting Ms timeh But most of the 
other Edinburgh lectures were “intolerably dull” “as dull as the 
professors” themselves, “something fearful to remember” In after 
life the memory of these lectures was like a nightmare to him. He 
speaks in 184(1 of Jameson's lectures as something “L.Jor my sins 
experienced^ I ” Darwin especially signalises these lectures on Geology 
and Zoolog}^, which he attended in his second year, as being worst of 
all “incredibly dull, Tlie sole effect they produced on me was the 
determination never so long as I lived to read a book on Geology, or 
in any way to study the science^!” 

The misfortune was that Edinburgh at that time had become the 
cockpit in which the barren conflict l^etween “i^eptuiiism” and “Plu- 
tonism ” was being waged vrtth blind fury and theological bitterness, 
Jameson and his pupils, on the one hand, and the friends and disciples 
of Hutton, on the other, went to the wildest extremes in opposing 
each other's peculiar tenets* Darwin tells us that he actually heard 
Jameson “in a field lecture at Salisbury Craigs, discoursing on a 
trap-dyke, with amygdaloidal margins and the strata indurated on 
each side, with volcanic rocks aU around us, say that it was a fissure 
filled with sediment from above, adding with a sneer that there w^ere 
men who maintained that it had been injected from beneath in a 
molten conditioirt.” “When I think of this lecture,” added Darwin, 
“I do not wonder that I determined never to attend to Geology^*” 
It is probable that most of Jameson's teacliing was of the same 
controversial and unillumiriating character as this field-lecture at 
fSalisbury Craigs, 

There can be no doubt that, while at Edinburgh, Darwin must 
have become acquainted with the doctrines of the Huttoniau School, 
Though so young, he mixed freely with the scieutific society of the 
city, Macgillivray, Grant, Leonard Horner, Coldstream, Ainsworth 
and otliers being among his acquaintances, while he attended and 
even read papers at the local scientific societies. It is to be feared, 
however, that what Darwin would hear most of, as characteristic 

1 i, i, 1, p, 35. ^ L. L, 1. p. 340. 

3 X. X. I, p. 41. ^ X. X. I. pp. 41—42. 

* Tliia -was ’written in 1876 and Darwin had in the laummer of 1839 ravisited and 

carofullj studied the locality (X. X, i. p* 290). 
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of the nuttonian teaeliingj woTild bo aescrtioiis that chalk-flints were 
intrusions of molten siiicaj that fossil wood and other pctrifections 
had been impregnated with fused materials, that heat — but never 
water^ — was always the agent by which the induration and crystallisa' 
tioii of rock-materials (even siliceous conglomerate, limestone and 
rock-salt) had been eflected ! These extravagant “anti-Wcrnerian'" 
views the young student might >vell regard as not one whit less 
absurd and repellant than the doctrine of the “aqueous precipitation'' 
of basalt. There is no evidence that Darwin, even if he ever Ixeard 
of them, was in any w^ay impressed, in his early career, by the 
suggestive passages in Hutton and Playfair, to which Lyell afterw^ards 
called attention, and which foreshadowed the main principles of 
Uiiilbrmitarianism, 

As a matter of fact, I believe that the infinence of Hutton and 
Playhiir in the development of a philosophical theory of geology has 
been very greatly exaggerated by later writers on the subject. Just 
as Wells and Matthew anticipated the views of Darwin on Natural 
Selection, but without producing any real influence on the course of 
biological thought, so Hutton and Playfair adumbrated doctrines 
which only became the basis of vivifying theory in the hands of 
Lyell, Alfred Russel Wallace has veiy justly remarked that when 
Lyell wrote the Principles of Geology^ “ the doctrines of Hutton and 
Playfair, so much in advance of their age, seemed to be utterly 
forgotten In proof of this it is only necessary to point to the 
works of the great masters of English geology^ who preceded Lyell, 
in wdiich the works of Hutton and his follow^ci'S arc scarcely ever 
mentioned. This is true even of the Researches in Theoretical 
Geology and the other works of the sagacious De la Beche^* Darwin 
himself possessed a copy of Playfair's Illmirations of fMe Huttonimi 
Theory^ and occasionally quotes it ; but I have met with only one 
reference to Hutton, and that a somewhat enigmatical one, in all 
Darwin's writings. In a letter to Lyell in 1841 , when liis mind w^as 
much exercised concerning glacial questions, he says “What a grand 
new feature all this ice work is in Geology I How old Hutton would 
have stared^.” 

As a consequence of the influences brought to bear on his mind 

1 QuarUrhj Eevuw, Vol. csxvr. (1869), p. 36 3 > 

^ Of the strength and peraistencG of the prejudice felt against Lyell’ s views by his 
contemporaries, I had a striking illustration some little time after Lyeirs death. One 
of the old geologists who in the early years of the century had done really good work 
in connection with the Geological Society expressed a hope that I wae not ^*one of those 
who had been carried away by poor Lyell^s fads.” My surprise was indeed groat when 
further conversation showed me that the whole of the Principles were included in the 
“fads^'l 

^ M, L. iL p. 149. 
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during his two years’ residence in Edinbuigh, Darwin^ who had 
entered that TJniversitj witli strong geological aspirations^ left it and 
proceeded to Cambridge with a pronounced distaste for tlie whole 
subject The result of this was that during his career as an under^ 
gradiiatCj he neglected all the opportunities for geological study. 
During that important period of life, when he was between eighteen 
and twenty years of age, Darwin spent his time in riding, shooting and 
beetle-hunting, pursuits which were undoubtedly an admirable 
preparation for his future work as an explorer ; but in none of his 
letters of this period does he even mention geology. He says, how- 
ever, “ I was so sickened with lectures at Edinburgh that I did not 
even attend Sedgwick’s eloquent and interesting lectures 

It was only after j[>assing his examination, and when he went up 
to spend two extra terms at Cambridge, that geology again began to 
attract his attention. The reading of Sir John Herschers Ifdro- 
duetion to the Sirvidy of Natural Philosophy^ and of Humboldt’s Per- 
somil Narrative, a copy of w^liich last had been given to him by his 
good friend and mentor Henslow, roused his doraiant enthusiasm for 
science, and a weakened in his mind a jiassionate desire for travek 
And it was fi^om Henslow, whom he had accompanied in his excursions, 
but without imbibing any mai^ked taste, at that time, for botany, that 
the advice came to think of and to “begin the study of geology 
This was in 1831, and in the summer vacation of that year we find 
him back again at Shrewsbury “ working like a tiger ” at geology and 
endeavouring to make a map and section of Shropsliire — ^work which 
he says w^as not “as easy as I expected^/' No Ivetter field for 
geological studies could possibly be found than Darwin’s native 
county. 

Writing to Henslow at this time, and referring to a form of the 
instrument devised by his friend, Darwin says : “ I am very glad 
to say I think the clinometer will answer admirably. I put all the 
tables in my bedroom at every conceivable angle and direction* 
I will venture to say that I have measured them as accurately as 
any geologist going could do." But he adds : “ 1 have been working 
at so many things that I have not got on much with geology* 
I suspect the first expedition I take, clinometer and hammer in 
hand, will send me back very little wiser and a good deal more 
puzzled than when I started^." Valuable aid was, however, at hand, 
for at this time Sedgwick, to whom Darwin had been introduced 
by the ever-helpful Henslow, was making one of his expeditions into 
Wales, and consented to accept the young student as his companion 



1 L. L. 1, p, 48, 

» X, X. I. p. 189. 



2 X. X, I. p. 56. 

^ X. X. t. p. 189. 
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during the geological tour\ We find Darwin looking forward to this 
privilege with the keenest interest^. 

When at the beginning of August (1831X Sedgwick arrived at his 
Other’s house in Shrewsbury, where he spent a night, Darwin began 
to receive his first and only instruction as a field-geologist. The 
journey they took together led them through Llangollen, Conway, 
Bangor, and Oapel Curig, at which latter place they parted after 
spending many hours in examining the rocks at Cwm Idwal with 
extreme care, seeking for fossils but without success. Sedgwick's 
mode of instruction was admirable — he from time to time sent the 
pupil off on a line parallel to his own, ^'telling me to bring back 
specimens of the rocks and to mark the stratification on a map^'' 
On his return to Shrewsbury, Darwin wrote to Henslow, “My trip 
with Sedgwick answered most perfectly V and in the following 
year he wrote again from South America to the sfune friend, “ Tell 
Professor Sedgwick he does not know how much I am indebted to 
him for the Welsh ex]>edition ; it lias given me an interest in Geology 
which I would not give up for any consideration, I do not think I 
ever spent a more delightful three weeks than pounding the north- 
west mountains®/' 

It would be a mistake, however, to suppose that at this time 
Darwin had acquired anything like the affection for geological study, 
which he afterwards developed. After parting with Sedgwick, he 
walked in a straight line by compass and map across the mountains 
to Barmouth to visit a reading party there, but taking care to return 
to Shropshire before September 1st, in order to be ready for the 
shooting. For as he candidly tells us, “ I should have thought myself 
mad to give up the first days of partridge-shooting for geology or any 
other science®!'" 

Any regret we may be disposed to feel that Darwin did not use 
his opportunities at Edinburgh and Cambridge to obtain systematic 
and practical instruction in mineralogy and geologj^, will be mitigated, 
however, when we refiect on the danger which he would run of 
being indoctrinated with the crude “catastrophic” views of geology, 
which were at that time prevalent in all the centres of learning. 

Writing to Henslow in the summer of 1831, Darmn says “As yet 
I have only indulged in hypotheses, but they are such powerful ones 
that I suppose, if they were put into action but for one day, the world 
would come to an end^." 

May we not read in this passage an indication that the self-taught 
geologist had, even at this early stage, begun to feel a distrust for the 

1 i. L. I. p. 56. s L. L. I. p. 189. s §7 

4 i. L. I, p. 195, ^ L.L. t. pp. 237—8. ® i. L. i. p. 58. 

^ L. L. I. p. 189. 
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prevalent catastrophism, and that his mind was becoming a field in 
which the seeds which Lyell was afterwards to sow would on 
good ground”? 

The second penod of Darwin's geological career— the five yeai^ 
spent by him on board the was tlie one in which by far the 

most important stage in his mental deYelo])mciit was accomplished* 
He left England a healthy, vigorous and enthusiastic collector ; he 
returned five yeai's later with uniqiie experiences, the germs of great 
ideas, and a knowledge which placed him at once in the foremost mnks 
of the geologists of that day, Huxley has well said that “Darwin found 
on board the Beagh that w^hieh neither the pedagogues of Shrews- 
bury, nor tlie professoriate of Edinbiirgh, nor the tutors of Cambridge 
had managed to give him^'' Darwin himself' wrote, referring to the 
date at which the voyage was expected to begin : “ My second life 
will then commence, and it shall be as a birthday for the rest of my 
life^”; and looking back on the voyage after forty years, he wrote : 
“The voyage of the Beagle has been by far the most imporiant 
event in my life, and has determined my whole career;,,.! have 
alwvays felt "that I ow^e to the voyage the first real training or 
education of my mind ; I was led to attend closely to several branches 
of natural history, and thus my powers of observation were improved, 
though they were always fairly developed^,” 

Referring to these general studies in natural history, however, 
Darwin adds a very significant remark: “The investigation of the 
geology of the places visited was far more important, as reasoning 
here comes into play* On first examining a new district nothing can 
appear more hopeless than the chaos of rocks ; but by recording 
the stratification and nature of the rocks and fossils at many points, 
always reasoning and predicting what will be fbiiiid elsewhere, light 
soon begins to dawn on the district, and the structure of the whole 
becomes more or less intelligible^/' 

The famous voyage began amid doubts, discouragements and dis- 
appointments, Fearful of heart-disease, sad at parting from home 
and fitends, depressed by sea-sickness, the young explorer, after 
being twice driven back by baffling winds, reached the great object 
of his ambition, the island of Tenerifte, only to find that, owing to 
quai*antine regulations, landing was out of the question* 

But soon this inauspicious opening of the voyage w^as forgotten* 
Henslow" had advised his pupil to take with him the fii^st volume of 
Lycirs Prineiples of Geology, then just published~but cautioned 
him (as nearly all the leaders in geological science at that day would 

^ Ptoc. Roy. Sod. VoL klit. (188S), p. ix. ^ P* 31^^ 

» i, i. I. p. Gl. * tL. L. r* p. 62, 
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certainly have done) “on no account to accept the views therein 
advocated^/' It is probable that the days of waiting, discomfort 
and sea-sickness at the beginning of the voyage were relieved by the 
reading of tliis volume. For he says that when he landed, three 
weeks after setting sail from Plymouth, in St Jago, the largest of the 
Cape de Verde Islands, the volume had already been “studied 
attentively; and the book was of the highest service to me in many 
ways,. . His first original geological work, he declares, “ showed me 
clearly the wonderful superiority of Lyelfs manner of treating 
geology, compared with that of any other author, whose works I had 
with me or ever afterwards read^,” 

At St Jago Darwin first experienced the joy of making new 
discoveries, and his delight was unbounded. Writing to his father 
he says, “ Geologising in a volcanic countr}" is most delightful ; 
l:>esides the interest attached to itself, it leads you into most beautiful 
and retired spots To Henslow he wr^ote of St Jago: “Here we 
spent three most delightful w"eeks....St Jago is singularly barren, 
and produces few plants or insects, so that my hammer was my 
usual companion, and in its company most delightful hours I spent” 
“The geology was pre-eminently interesting, and I believe quite 
new ; there are some facts on a large scale of upraised coast (which 
is an excellent epoch for all the volcanic rocks to date from), that 
would interest Mr Lyellt” After more than forty years the memory 
of this, his first geological work, seems as ftesh as ever, and he wrote 
in 1876, “The geology of St Jago is very striking, yet simple: a 
stream of lava formerly flowed over the bed of the sea, formed of 
triturated recent shells and corals, which it has baked into a hard 
white rock. Since then the whole island has been upheaved. But 
the line of white rock revealed to me a new and important fact, 
namely, that there had been afterwards subsidence round the craters, 
which had since been in action, and had poured forth lava^.^^ 

It irvas at this time, probably, that Darwin made his first attempt 
at drairring a sketch-map and section to illustrate the observations he 
had made (see his Voleanic Islmuh^ pp. 1 and 9). His first im- 
portant geological discovery, that of the subsidence of strata around 
volcanic vents (which has since been confirmed by Mr Heapliy in 
New Zealand aiid other authors) aw^akened an intense enthusiasm, 
and he wTites : “ It then first dawned on me that 1 might perhaps 
write a book on the geology of the various countries visited, and 
this made me thrill with delight That was a memoi*able hour to me, 
and how distinctly I can call to mind the low cliff of lava beneath 
which I rested, with the sun glaring hot, a few strange desert 

1 L. L. 1. p. 73. ^ L, L. X. p. 62, » L. L. i. p. 228, 

^ L. L. 1. p. 235. t 2- ^ j p 
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plants growing near, and with living corals in the tidal pools at 
mj feet\'' 

But it was when the Beagle, after touching at St Paul's rock 
and Tristan d' Acunha (for a sufficient time only to collect specimens), 
reached the shores of South America., that Darwin's real work began ; 
and he was able, while the marme surveys were in progresSj to make 
many extensive journeys on land. His letters at this time show that 
geologj^ had become his chief delight, and such exclamations as 
“(jeology carries the day,*' *4 find in Geology a never tailing interest/' 
etc. abound in his correspondence* 

Darwin's time was divided between the study of the great deposits 
of red mud — the Pampean formation— wdth its interesting fossil bones 
and shells affording proofs of slow and constant movements of the 
land, and the underlying mass^ of metamorpbic and plutonic rocks* 
Writing to Henslow in March, 1B34, he says : I am quite channed 

with Geology, but, like the wise animal between two bundles of hay, I 
do not know whicli to like best; the old crystalline groups of rocks, or 
the softer and fossiliferous beds. When puzzling about stratification, 
etc*, I feel inclined to cry fig for your big oysters, and your bigger 
megatheriums/ But then when digging out some fine bones, I w^onder 
how any man can tire his arms with hammering granite^/' In the 
passage quoted on page 345 we are told by Darwin that he loved to 
reason about and attempt to predict the nature of the rocks in each 
new district before he arrived at it* 

This love of guessing as to the geology of a distilct he was about 
to visit is amusingly expressed by him in a letter (of May, 1B32) to his 
cousin and old college-friend, Fox. After alluding to the beetles he 
had been collecting — a taste his friend liad in common with himself— 
he w^rites of geology that “It is like the pleasure of gambling. 
Speculating on first arriving, wliat the rocks may be, I often mentally 
cry out 3 to 1 tertiary against primitive ; but the latter liave hitherto 
won all the bets^" 

Not the least important of the edncational results of the voyage 
to Darwin was the acquirement by him of those habits of industry^ 
and method which enabled him in after life to accomplish so much- 
in spite of constant failures of health. From the outset, he daily 
undertook and resolutely accomplished, in spite of sea-sickness and 
other distractions, four important tasks. In the first place he regularly 
wrote up the pages of his Journal, in which, paying great attention to 
literary style and composition, he recorded only matters that would 
be of general interest, such as remarks on scenery and vegetation, 
on the peculiarities and habits of animals, and on the characters, 

3 i. L. I. p. 66. 3 L. L, l. p. 249. 3 X* i. L p. 2SB. 
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avocatioTiSj and political institutions of the yarioiis races of men with 
whom he brought in contact. It was the freshness of these 
observations that gave his Narrative so mucli charm. Only in 
those cases in which his ideas had become fully crystallised, did he 
attempt to deal with scientific matters in this joumaL His second 
task w^as to write in voluminous note-books facts concerning animals 
and plants j collected on sea or land, which could not be w^ell made 
out from specimens preserved in spirit ; but he tells us that, owing 
to want of skill in dissecting and drawing, much of the time spent 
in this w^ork was entirely thrown away, great pile of MS. which 
I tnade during the Tovage has proved almost useless Huxley 
coiifirmed this judgment on his biological work, declaring that “ all 
his zeal and industr}^ resulted, for the most j>art. In a vast accumu- 
lation ot useless niaiui script^." Harwin’s third task was of a very 
different character and of infinitely greater value. It consisted in 
WTiting notes of Ms journeys on land— the notes being devoted to 
the geology of the districts visited by him. These formed the basis, 
not only of a number of geological papers published on his return, 
but also of the three important Tolumes forming The Geology of the 
voyage of the. Beagle, On July 24th, 1834, when little more than half 
of the voyage had been completed, Darwin wrote to Henslow, My notes 
are ^coming bulky. I have alx>ut 600 small quarto pages Mil ; about 
half of this is Geology^/" The last, and certainly not the least import- 
ant of all his diiti<^, consisted in numbering, cataloguing, and packing 
his specimens for despatch to Hcnslow^, who had undertaken the care 
of tliem. In his lettei's he often expresses the greatest solicitude 
lest the value o± these specimens should be imj>aired by the removal 
of the numbers corresponding to his manuscript lists. Science owes 
much^ to Henslow's patient care of the collections sent to him by 
Darwin. ITie latter wrote in Henslow^s biography, During the five 
years' voyage, he regularly corresponded with me and guided my 
efibrts; he received, opened, and took care of all the specimens sent 
home in many large boxes 

Darwn'n s geological specimens are now very appropriately lodged 
for the most part in the Sedgwick Museum, Cambridge, his original 
Catalogue with subsequent annotations being preserved with them. 
From an examination of these catalogues and specimens we are able 
to form a fair notion ot the work done by Darwin in his little cabin 
in the Beagle^ in the intervals betw^een his land journeys. 

Besides writing up his notes, it is evident that he Avas able to 
accomplish a considerable amount of study of his specimens, before 

^ I/, i. I. p. 62. 3 Proc, Hoy, Sqc. YoL xliv. (1388), p. ii. 

^ M. L, X, p. 14. ^ ^ 

^ Life of Hemlow, hj L. Jenym (Blomefield), London, 1862, p. 53. 
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they were packed up for despatch to Henslow. Besides hand“ 
magnifiers and a inicroseopCj Darwin had an equipment for blow- 
pipe-analysis, a contact-goniometer and magnet; and these were in 
constant use by him. His small library of reference (now included 
in the Collection of books placed by Mr F. Darwin in the Botany 
School at Cambridge^) appears to have been admirably selected, and 
in all probability contained (in addition to a good many works 
relating to South America) a fair nmnber of excellent books of 
reference. Among those relating to mineralogy, he possessed the 
manuals of Phillips, Alexander Brongniart, Beudant, von Kobell and 
Jameson : also the CrwtaUogTaphie of Brochant de Villers and, for 
blowpipe w^ork, Dr Children's translation of the book of Berzelius on 
the subject. In addition to these, he had Henry's Experimental 
Chemistry and Ure s Dictionary (of Chemistry), A w^ork, he evidently 
often employed, was P, Syme's book on Werners E^omenetature qf 
Colours ; while, for Petrology, he used Macculloch's Geological Glassi- 
jicadmi of Rocks. How diligently and well he employed his instru- 
ments and books is shown by the valuable oteervations recorded in 
the annotated Catalogues drawn up on board ship. 

These catalogues have on the right-hand pages mnnbers and 
descriptions of the specimens, and on the opposite pages notes on 
the specimens — the result of experiments made at the time and 
written in a very small hand Of the subsequently made pencil notes, 

I shall have to speak later^. 

It is a question of gi^eat interest to determine the period and the 
occasion of Darwin's first awakening to the great problem of the 
transmutation of species. He tells us himself that his grandfather's 
Zoonomia had been read by him “ but without producing any effect," 
and tliat his fi-iend Grant’s rhapsodies on Lamarck and his views on 
evolution only gave rise to “astonishment^," 

Huxley, who had probably never seen tlie privately printed 
volume of letters to Henslow, expressed the opiiiion tliat Darwin 
could not have perceived the important bearing of his discovery of 
bones in the Pampean Formation, until they had been studied in 
England, and their analogies pronounced upon by competent com- 
parative anatomists. And this seemed to be confirmed by Darwin's 
own entry in his pocket-book for 1837? “In July opened first note- 

1 Catalogue of the niirafy of Chatlee Barwin now in the Botany School^ Cambridge. 
Compiled by H. W, Bntherford; Tvith an introduction by Francis Darwin. Cambridge, 
1908. 

^ I am greatly indebted to my friend Mr A, liarker, F.S.S,, for liis assiatanee in 
examining these speoimens and catalogues. He has also arranged the epedmens in the 
Sedgwick Museum, so as to make reference to them easy. The specimens from Ascension 
and a few others are however in the Museum at Jermyn Street. 

3 L. X, u p, 38, 
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Ixtok oil Transmutation of S(>ocies, Had been greatly struck from 
about the month of previous March on character of South American 
fossils, 

Tlie second volume of Lyeir» Principles of Gtfdogy was published 
in January^ 1832, and Darwins copy (like that of the other two 
volumes, in a sadly dilapidated condition from constant use) has 
ill it the inscription, “Charles Darwin, Monte Video. Not* 1832/' 
As everyone knows, Daniin in dedioititig the second edition of his 
Jonnial of the Voyage to Ljell declared, “the cliief part of whatever 
scientific merit this journal and the other works of the author 
may possess, has Ixieii derived from studying the well-kiiowii and 
adniimblo PrinmphH of Geologif 

In the first chapter of this second volume of the PTiHcipleH^ Lyell 
insists on tlie imix)rtaiice of the si>ecies question to the geologist, but 
goes on to point out the difficulty of accepting the only serious 
attempt at a tratismutation theory which had up to that time 
appeared — that of I^marek. In subsequent chapters he disem^es 
the questions of the morlificatioii and variability of species, of 
hybridity, and of the geographical distribution of plants and aninials. 
He then gives rivid pictures of the struggle for existence, ever going 
on lietweeii various species, and of the causes which lead to their 
extinction — not by overwhelming catastrophies, but by the silent 
and almost unobserved action of natural causes. This leads him to 
consider theories with regard to the introduction of species, 
and, rejecting the fanciful notions of “ centres or foci of creation/' 
he argues strongly in favour of the view, as most reconcileable witli 
observed facts, that “ each species may have had its origiu in a single 
I>air, or individual, where an individual was sufficient, and species may 
have been created in siiccession at such limes and in such places 
as to enable them to multiply and endure for an appointed period, 
and occupy an apjMiiiitod space on the globe*." 

< L. L. t, p. 276. 

* PrincipUB cf VoL n. (1st edit. 1882J, p. 124. We now know, a» hai been 

m> well pointed out by Huiley, that Lyell, aa eariy a,w 1827, wae prepaied to aooopt 
the dootnne of the trauaiimtutiou of apisflies. la that year ho wrote to Mantoll, ‘»What 
olmngBB BpeoiL‘8 may really undergo I How impoaniblB will it be to distinguiBh md lay 
down a line, beyond which some of the so-oaUad extinct upBoies may hare nctver paascid 
into reoent ones (LyelPe Lift and Lelteri, VoL i. p. 168). To Sir John Hersohel in 1836, 
he wrote, “ In regard to the origination of new apecies, t am very gkd to 6nd that yoa 
think it probable that it may be carried on through the interrention of intermediate 
caueee. 1 left thU rather to he inferred, not thinking it worth while to oiend a certain 
ff lii ff # of penone by embodying in words what would only be a speculation ” (Ibid. p. 467). 
He eiprewed the same views to Whewell in 1837 (Ibtd. Yol. it. p. 6), and to Sedgwiek 
(Jbfd. Vot n. p. 36) to whom he says, of “the theory, that the creation of tiew tpedai is 
going on at the present daj“ — “I really entertsin it,“ but “ I have studioasly avoided 
laying the dooirint down dogmatically as capable of proof” (see Huxley in L. L. n. 
pp. 190—195). 
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After pointing out liow impossible it would be for a naturalist to 
prove that a newly discovered species was really newly created^, Lyell 
argued that no satisfactory evidence of the way in which these new 
fonns were created, had as yet been discovered, but that he enter- 
tained the hope of a possible solution of the problem being found in 
the study of the geological record. 

It is not diiiicult, in reading these chapters of Ly ell’s great work, 
to realise what an effect they would have on the mind of Darwin, as 
new facts were collected and tresh observations concerning extinct 
and recent forms were made in his travels. We are not surprised 
to find him writing home, “I am become a zealous disciple of 
Mr Lyell s views, as known in his admiiuble book. Geologising in 
South America, I am tempted to carry parts to a greater extent even 
than he does®.” 

Lyell’s anticipation that the study of the geological record might 
afford a clue to the discovery of how new species originate was 
remarkably fulfilled, within a few mouths, by Darwin’s discovery of 
fossil bones in the red Pampean mud. 

It is very true that, as Huxley remarked, Darwin’s knowledge of 
comparative anatomy must have been, at tliat time, slight; but that 
he recognised the remarkable resemblances between the extinct and 
existing mammals of South America is proved beyond all question 
by a passage in his letter to ilenslow, written November 24th, 1832 : 
“ I have been very lucky with fossil bones ; I have fragments of at 
least six distinct animals.,..! found a large surface of osseous 
polygonal plates..,, Immediately I saw them I thought they must 
belong to an enormous armadillo, living species of which genus are 
so abundant here,” and he goes on to say that he has “ the lower jaw 
of some large animal which, from the molar teeth, I should think 
belonged to the Edentata®.” 

Having found this important clue, Darwin followed it up with 
characteristic perseverance. In his quest for more fossil bones he 
was indefatigable. Mr Francis Darwin tells us, “I have often heard 
him speak of the despair with which he had to break off the projecting 
extremity of a huge, partly excavated bone, wiien the boat waiting 
for liim would wait no longer*.” Writing to Haeckel in 1864, Darwin 
says : “ I shall never forget my astonishment w'hen I dug out a gigantic 
piece of armour, like that of the living annadiUo®.” 

^ Mr F. Darwin ha a pointed out tliat hist father (like Lyell) ofton ased the term 
“croation” in speaking of the origin of new species (Z. L. ii. chap, 1), 

3 Z, Z, 1, p. 263, 

^ M. X, I. pp, 11, 12, See Extracts of Letters addressed to Prof, Henshw by C, Darwin 
(1836), p, 7, 

Z. Z. I, p, 276 (footnote), 

^ Haeckel, History of CteatiOTif VoL t, p, 134, London, 1876. 
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In a letter to Henslow in 1834 Darwin says: “I have just got 
scent of some fossil bones... what they may be I do not know, but if 
gold or galloping will get them they shall be mine‘.” 

Darwin also showed his sense of the importance of the discovery 
of these bones by his solicitude about their safe arrival and custody. 
From the Falkland Isles (March, 1834), he writes to Henslow : “I have 
been alarmed by your expression ‘cleaning all the bones’ as I am 
afraid the printed numbers will be lost; the reason I am so anxious 
they should not be, is, that a part were found in a gravel with recent 
shells, but others in a very different bed. Now with these latter 
there were bones of an Agouti, a genus of animals, I believe, peculiar 
to America, and it w'ould be curious to prove that some one of the 
genus co-existed with the Megatherium : such and many other points 
depend on the numbers being carefully preserved®.” In the abstract 
of the notes read to the Geological Society in 1835, we read: “In 
the gravel of Patagonia he (Darwin) also found many bones of the 
Megatheriimi and of five or six other species of quadrupeds, among 
which he has detected the bones of a species of Agouti. He also met 
with several examples of the polygonal plates, etc.®.” 

Darwin’s own recollections entirely bear out the conclusion that 
he fully recognised, while in Sonih America, the wonderful signi- 
ficance of the resemblances between the extinct and recent mammalian 
faunas. He wrote iti his Autobiography: “During the voyage of 
the Beagle I had been deeply impressed by discovering in the Pampean 
formation great fossil animals covered with armour like that on the 
existing armadillos 

The impression made on Darwin’s mind by the discovery of these 
fossil bones, was doubtless deepened as, in his progress southward 
from Brazil to Patagonia, he found similar species of Edentate 
animals everj'where replacing one another among the living forms, 
while, w'henever fossils occurred, they also were seen to belong to the 
same remarkable group of animals^. 

1 M. L. I, p. 15. 

^ Extracts from Letters ele,t pp, 13 — 14, 

^ Proc^ GeoL Soc. YoL n. pp, 211—212, * i, 1^, i, p, 82, 

» While Darwin was making these obeeirTations in South America, a similar 
general! Baticm to that at which he arrived was being reached, qaiie independently and 
almost Bimultaneously, with respect to the fossil and recent maramak of Australia, In 
the year 1831, Clift gave to Jameson a list of bones occurring in the caves and breccia b of 
Australia, and in puMiahing this list the latter referred to the fact that the forms belonged 
to marsupials, similar to those of the existing Australian fauna. But he also stated that, 
as a skull had been identified (doubtless erroneously) as having belonged to a hippo- 
potamus, other mammals than marsupials must have spread over the ialand in late 
Tertiary times. It is not necessary to jxjiut out that this paper was q_uite unknown 
to Darwin while in Sooth America. Lycll iirst noticed, it in the third edition of his 
PrinmpleSt which was published in May, 1834 (see Mdinb^ Naw PhtL Joum. Vok x. [1831], 
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That the passage in Darwin's pocket-book for 1837 can only refer 
to an awaJcenhig of Darwiri^s interest in the subject — probably 
resulting from a sight of the bones when they were being unpacked 
— I think there cannot be the smallest doubt; and we may therefore 
confidently fix upon November^ 1832^ as the date at wkieli Darwin 
commenced that long series of ohservatlons and reasomngs which 
eventually cnlmiiiuited in the preparatiou of the Origin of Species, 
Equally certain is it, that it was his geological work that lc<i Darwin 
into those paths of research which in the end coiiducteii him to 
bis great discoveries. I quite agree with the view- expressed by 
Mr F, Dani'in and Professor Seward, that Darwin, like Lyell, thought 
it ^almost useless" to try to prove the truth of evolution until tlie 
cause of change was discovered^” and that possibly he may at 
times have vacillated in his opinions, but I believe there is evidence 
that, from the ilate mentioned, the “ species question ” was always 
more or less present in Darwin's mind^. 

It is clear that, as time went on, Darwin became more and more 
absorbed in his geological work. One vei*y significant fact was that 
the 0!ice ardent sportsman, when he found that shooting the necessary 
game and zoological specimens interfered with his work with the 
hammer, gave up his guii to his servants There is clear evidence 
that Darwin gradually became aware how futile were his attempts 
to add to zoological knowlei^e by dissection and drawing, while 
he felt ever increasmg satisfaction with his geological work. 

The voyage fortunately extended to a much longer period (five 
years) than the two originally intended, but after being absent nearly 
three years, Darwin wrote to his sister in November, 1834, Hurrah ! 
hurrah ! it is fixed that the Beagle shall not go one mile south of 
Cape Tres Montes (about 280 miles south of Chiloe), and from that 
point to Valparaiso will be finished in about five months. We shall 
examine the Chonos Archipelago, entirely unknown, and the curious 
inland sea behind Chiloe. For me it is glorious. Cape Tree Montes 

pp. 394—6. aud Lyell^B PHncipte# [3rd edit.], VoL m. p. 421). DarwiD referred to this 
diBcovery in 1S39 {see Mb Journal^ p. 210), 

3 M. L. I. p. 3S. 

> Although we admit with Huztey that Darwin ^ b traiuiug in comparative anatomy was 
ve*7 small, yet it may be remembered that he was a medical student for two years> and, if 
he hated the lectures, be enjoyed the Bocietj of naturalists. He had with him in the little 
Dtagti librarj' a fair number of zoological books, including works on Osteology by Cuvier, 
DesmareBt and Lesson, as well as two French HucyelopaediaB of Natural History. As 
a sportsman, he would obtain specimens of recent mammals in South America, and would 
UiUB have opport unities of studying their teeth and general anatomy. Keen observer, as 
he undoubtedly was, we need not then he surprised that ho was able to make out the 
resemblances between the recent and fossil forms, 

* L. L, I. p. 63, 

D. 23 
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is the moat southern point where there ia much geological interest, 
as there the modem beds end The Captain then talks of crossing 
tlie Pacific; but I think we shall persuade him to finish the coast of 
Peru, where the climate is delightful, the country hideously sterile, 
but abounding with the highest intei^est to the geologist — I have 
long been grieved and most sorry at the interminable length of the 
voyage (though 1 never wonld have quitted it )***.! could not make uj) 
my mind to return* I could not give up all the geological castles in 
the air 1 had been building up for the last two years 

In April, 1835, he wrote to another sister : returned a week 

ago from my excursion across the Andes to Mendoza. Since leaving 
England I liave never made so successful a journey.,. how deeply 
I have enjoyed it ; it was something more than enjoyment ; I cannot 
express the delight which I felt at such a famous winding-up of all 
my geology^ in South America. I literally could hardly sleep at 
nights for thinking over my day^s work. The scenery was so new, 
and so m^‘estic ; everything at an elevation of 12,000 feet beai^s so 
different an aspect from that in the lower country*... To a geologist, 
also, there are such manifest i)rools of excessive violence; the 
strata of the highest pinnacles are tossed about like the crust of 
a broken pie^.'' 

Darwin anticipated with intense pleasure Ms visit to the Galapagos 
Islands* On July 12th, 1835, he wrote to Henslow : In a few days* time 
the Beagle will sail for tlie Galapagos Islands. I look forward with 
joy and interest to tins, both as being somewhat nearer to England 
and for the sake of having a good look at an active volcano. Although 
we have seen lava in abundance, I have never yet beheld the crater^*"" 
He could little anticipate, as he wrote these lines, the important aid 
in the solution of the “species question** that w^ould ever after 
make his visit to the Galapagos Islands so memorable. In 1832, as 
wo have seen, the gi’eat discovery of the relations of living to extinct 
mammals in the same area had dawned upon his mind ; in 1835 he 
was to find a second key for opening up the great mystery, by 
recognising the variations of similar types in ai^oining islands among 
the Galapagos. 

The final chapter in the second volume of the Prmciples had 
aroused in Darwin s mind a desire to study coral-ieefs, wliich was 
gratified during Ms voyage across the Pacific and Indian Oceans. 
His theory on the subject was suggested about the end of 1834 or 
the beginning of 1835, as he himself tells us, before he had seen 
a corabreef, and resulted from his work during two years in which he 

1 L. L, I. pp. 257—58. ^ L. L. r. pp. 259—60. 

^ M. L. 1. p. 26. 
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had been incessantly attending to the effects on the shores of South 
America of the intermittent elevation of the landj together with 
denudation and the deposition of sediment 

On arriving at the Cai^e of Good Hope in July, 1836, Darwin 
was greatly gmtified by hearing that Sedgwick had spoken to his 
father in high terms of praise concerning the work done by him in 
South America, Refemng to the news from home, when he reached 
Hahia once more, on the return voyage (August, 1836), he says : 
'‘The desert, volcanic rocks, and wild sea of Ascension.,. suddenly 
wore a pleasing aspect, and I set to w^ork witli a good-will at my old 
work of Geolog}^^.” Writing fifty years later, he says: ‘'I clambered 
over the mountains of Ascension with a bounding step and made the 
volcanic rocks resound under my geological hammer^ ! ” 

That his determination was now fixed to devote his own labours 
to the task of w^orkiiig out the geological results of the voyage, and 
that he was prepared to leave to more practised hands the study of 
his biological collections, is clear from the letters he sent home at 
this time* From St Helena he wTOte to Henslow asking that he 
would propose him as a Fellow of the Geological Society; and his 
Certificate, in Henslow's handwriting, is dated September 8th, 1836, 
being signed from pei*soiial knowledge by Henslow and Sedgwick. 
He was proposed on November 2nd and elected November 30th, 
being formally admitted to the Society by Lyell, who w^as then Presi- 
dent, on January 4th, 1837, on w^hich date he also read his first 
paper* Darwin did not become a Fellow of the Linnean Society till 
eighteen years later (in 1854)* 

An estimate of the value and importance of Darwin's geological 
discoveries during the voyage of the Beagle can best be made w^hen 
considering the various memoirs and books in which the author 
described thciii. He was too cautious to allow himself to w^rite his 
first impressions in his Journal, and wisely waited till he could study 
his specimens under better conditions and with help from others on 
his return* The extracts published from his correspondence with 
Henslow^ and others, while lie w^as still abroad, showed, nevertheless, 
how great was the mass of observation, how suggestive and pregnant 
with results were the reasonings of the young geologist. 

Two sets of these extracts from Darwin's letters to Henslow 
were printed while he was still abroad* The first of these was the 
series of Geological Notes made dnrhig a mrveg of the East and 
West CooLSts of South Americsa^ in the years 1832, 1833, 1834 mid 
1835, ivith an aceount of a tramverse section of the Cordilleras of 
the Andes between Valparaiso a7id Mendoza. Professor Sedgwick, 
who read these notes to the Geological Society on November 18th, 

^ L. L, I* p. TO. 2 i* X. r. p. 205. ^ X* X* i* p. 66. 

23—2 
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1835j stated that “they were extracted from a series of letters 
(addressed to Professor Heiislow)j containing a great mass of informa- 
tion connected with almost every branch of natural history/" and 
that he (Sedgwick) had made a selection of the remarks which he 
thought would be more especially interesting to the Geological 
Society. An abstract of three pages was published in the Pro- 
ceedings of ths Geological Sodety^^ but so unknown was the author 
at this time that he was described as “F. Darwin j Esq., of St John"a 
College^ Cambridge "" I Almost simultaneously (on November 16thj 
1835) a second set of extracts from these letters—this time of a 
general character — w^ere read to the Philosophical Society at Cam- 
bridge^ and these excited so much interest that they were privately 
printed in j^mphlet form for circulation among the members. 

Many expeditions and “ scientific missions "" have been despatched 
to various parts of the world since the return of the Beagle in 
1836, but it is doubtful whether any^ even the most richly endowed 
of them, has brought back such stores of new information and 
fresh discoveries as did that little “ten-gun brig”— certainly no 
cabin or laboratory was the birth-place of ideas of such fruitful 
character as was that narrow end of a chart-room, where the 
solitary naturalist could climb into his hammock and indulge in 
meditation. 

The third and most active portion of Darwin's career as a 
geologist was the period which followed Ids return to England at the 
end of 1836. His immediate admission to the Geological Society, 
at the beginning of 1837, coincided with an important crisis in the 
history of geological science. 

The band of enthusiasts who nearly thirty years before had 
inaugurated the Geological Society — weary of the fruitless conflicts 
between “Neptunists” and “ Plutonists had determined to eschew 
theory and confine their labours to the collection of facts, their 
publications to the careful record of observations. Greenough, 
the actual founder of the Society, was an ardent Wernerian, and 
nearly all his fellow- workers had come, more or less directly, under 
the Wernerian teaching. Macculloch alone gave valuable support to 
the Huttonian doctrines, so far as they related to the influence of 
igneous activity — but the most important portion of the now^ cele- 
brated Theory of the Earth — that dealing with the competency of 
existing agencies to account for changes in past geological times — 
w'^as ignored by all alike. Macculloch"s influence on the development 
of geology, which might have had far-reaching effects, wus to a great 
extent neutralised by his peculiarities of nund and temper ; and, 

1 Vo]. II. pp. 210—12, 
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after a stormy and troublous career, he retired from the society 
in 1832. In all the witings of the great pioneers in English geology, 
Hutton and his splendid generalisation are scarcely ever referred to. 
The great doctrines of Uniformitarianism, which he had foreshadowed, 
were completely ignored, and only his extravagances of “anti- 
Wemerianism” seem to have been remembered. 

When between 1830 and 1832, Lyell, taking up the almost for- 
gotten ideas of Hutton, von HofF and Prevost, published that bold 
challenge to the Catastrophists — the Principles of Geology — ^he was 
met with the strongest opposition, not only from the outside world, 
which was amused by his “absurdities” and shocked by his “im- 
piety" — but not less from his fellow-workers and friends in the 
Geological Society. For Lyell’s numerous original observations, and 
his dihgent collection of facts his contemporaries had nothing but 
admiration, and they cheerfully admitted him to the highest offices 
in the society, but they met his reasonings on geological theory 
with vehement opposition and his conclusions with coldness and 
contempt 

There is, indeed, a very striking parallelism between the recep- 
tion of the Prineiples of Geology by Lyell’s contemporaries and the 
manner in which the Origin of Species was met a quarter of a 
century later, as is so vividly described by Huxley^. Among Lyell’s 
follow-geologists, two only — G. Poulett Scrope and John HerscheP — 
declared themselves from the first his strong supporters. Scrope in 
two luminous articles in the Quartsrly Review did for Lyell what 
Huxley accomplished for Darwin in his fiunous review in the Times ; 
but Scrope unfortunately was at that time immersed in the stormy 
sea of politics, and devoted his great pow^ers of exposition to the 
preparation of fugitive pamphlets. Herschel, like Scrope, was un- 
able to support Lyell at the Geological Society, owing to his absence 
on the important astronomical mission to the Cape. 

It thus came about that, in the frequent conflicts of opinion 
within the walls of the Geological Society, Lyell had to bear the 
brunt of battle for Uniformitarianism quite alone, and it is to be 

^ If* It* pp* 179 — 204* 

^ Both and Darwin fully realised the value of the support of these two friends, 

Scrope in hia appreciative reviews of the Frincifl&& justly pointed out what was the 
weakest pointy the inadequate recognition of sub -aerial as compared with marine 
denudation* Darwin also admitted that Scrope had to a great extent forestalled him 
In hie theory of Foliation. Herschel from the first insisted that the leading idea of 
the Principles must be applied to organic as well as to Inorganic nature and must explain 
the appearance of new spoeies (see Lyell’ s Life and Letters, ¥ol* i* p. 467), Darwin tells 
ua that Herachel's Introduction to the Stndy of Natural Philosophy with Humboldt^s 
Personal Narratiue ‘^stirred up in me a burning zeaD* in his undergraduate days* 1 once 
heard LyeB exclaim with fervour **If ever there was a heaven-bom genius it was 
John Herschel ! 
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feared that he found himself sadly overmatched when opposed by the 
eloquence of Sedgwclc, the sarcasm of Buckland, and the dead weight 
of incredulity on the part of Greenoughj Conybearcj Murchison and 
other members of the band of pioneer workers. As time went on 
there is evidence that the opposition of De la Beche and Whewell 
somewhat relaxed ; the brilliant “ Paddy ” Fitton (as his Mends 
called him) was sometimes found in alliance with Lyellj but was 
characteristically apt to turn his weapon, as occasion served, on 
friend or foe alike ; the amiable John Phillips “sat upon the fence/" 
Only when a new generation arose — including Jukes, Ramsay, Forbes 
and Hooker — did Lyell find liis teachings received with anything like 
favour. 

We can well understand, then, how Lyell would welcome such 
a recruit as young Darwin — a man who had declared himself more 
Lyellian than Lyell, and who brought to his support facts and 
observations gleaned from so wide a field- 

The first meeting of Lyell and Darwin was characteristic of the 
two men. Darwin at once explained to Lyell that, with respect to 
the origin of coral-reefe, he had arrived at views directly opposed to 
those published by “his master/* To give up his own theory, cost 
Lyell, as he told Herschel, a “ pang at first/" but he w^as at once con- 
vinced of the immc^urable superiority of Darwin"s theory, I have 
heard members of Lyeirs family tell of the state of wild excitement 
and sustained enthusiasm, which lasted for days witli Lyell after this 
interview, and his letters to Herscheb \^Tiewell and others show his 
pleasure at the new light thrown upon the subject and his impatience 
to have the matter laid before the Geological Society, 

Writing forty years afterwards, Darwin, speaking of the time of 
the retiini of the Beagle^ says : “ I saw a great deal of Lyell One of 
his chief characteristics was his sympathy with the work of others, 
and I was as much astonished as delighted at the interest which he 
showed when, on my return to England, I explained to him my views 
on coraLreefs, This encouraged me greatly, and his advice and 
example had much influence on meV Darwin further states that he 
saw more of Lyell at this time than of any other scientific man, and 
at his request sent his first communication to the Geological Society^, 

“Mr Lonsdale"" (the able curator of the Geological Society), Darwin 
wrote to Henslow, “ withw^bom I had much interesting conversation/" 
“gave me a most cordial reception,"" and he adds, “If I was not 
much more inclined for geology than the other branches of Natural 
History, I am sure Mr LyeU"s and Lonsdale"s kindness ought to fix 
me. You cannot conceive anything more thoroughly good-natured 

1 X. L. r. p, 68, ^ L, L. i, p. 67, 
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than the heart-and-soiil manner in which he put himself in my place 
and thought what would be best to do\'' 

Within a few days of Darwin*s arrival in London we find Lyell 
writing to Owen as follows: 

**Mrs Lyell and I expect a few Mends here on Saturday next, 
29th [October], to an early tea party at eight o'clock, and it will give 
us great pleasure if you can join it. Among others you will meet 
Mr Charles Darwin, whom I believe you have seen, just returned 
from South America, where he has laboured for zoologists as well as 
for hammer-bearers, I have also asked your friend Broderip^,” It 
would probably be on this occasion that the services of Owen were 
secured for the work on the fossil bones sent home by Darwin- 

On November 2nd, we find Lyell introducing Darwin as his guest 
at the Geological Society Club ; on December 14th, Lyell and Stokes 
proposed Darwin as a member of the Club ; between that date and 
May 3rd of the following year, when his election to the Club took 
place, he was several times dining as a guest 

On Jamiar}^ 4th, 1837, as we have already seen, Darwin was 
formally admitted to the Geological Society, and on the same evening 
he read his first paper^ before the Society, Observations of proofs 
of rerent elevation on the coast of Chilis made during the Swrvey 
of HMM. '' Beagle,"" commanded hy Captain FiuEoy, RN. By 
C. Darwin, F,GS, This paper was preceded by one on the same 
subject by Mr A, Caldcleugh, and the reading of a letter and other 
communications from the Foreign Office also relating to the earth“ 
quakes in Chili, 

At the meeting of the Council of the Geological Society on 
February 1st, Darwin was nominated as a member of the new 
Council, and he was elected on February l7th. 

The meeting of the Geological Society on April 19th was devoted 
to the reading by Ow^en of his paper on Toxodon, perhaps the most 
remarkable of the fossil mammals found by Darwin in South America; 
and at the next meeting, on May 3rd, Darwin himself re^ A Sletek 
of the BeposUs eontmuing extinct Mammalia in the mighbourhood 
of the Plata. The next following meeting, on May l7th, was 
devoted to Darwin's Corahreef paper, entitled On certain areas of 
deration and snbsidenee in the Padfie and Indian Oceans, as 
deduced from tJie study of Coral Formations, Neither of these 
three early papers of Darwin were published in the Transactions 
of the Geological Society, but the minutes of the Council show 

^ L. I, p. 275, ^ The Life of Itich<iTd London, 1894, VoL i* p* 102. 

3 I have aheady pointed out that the notes read at the Geological Society on Nov, 19, 
1836 were extracts made by Sedgwick from letters sent to Henslow, and not a paper sent 
home for publication by Darwin, 
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that they were “withdrawn by the author by permission of the 
Council/’ 

Darwin’s activity during this session led to some rather alarming 
effects upon his healthy and he was induced to take a holiday in 
Staffordshire and the Isle of Wight He was not idle^ however^ for 
a remark of his uncle, Mr Wedgwood, led him to make those in- 
teresting observations on the work done by earthworms, that resulted 
in his preparing a short memoir on the subject, and this paper, On 
the Formation of Mould, was read at the Society on November 1st, 
1837, being the first of Darwin’s papers published in full ; it appeared 
in VoL Y* of the Geological Tramactiom, pp 505 — 510, 

During this session, Darwin attended nearly all the Council meet- 
ings, and took such an active part in the work of the Society that it 
is not surprising to find that he was now requested to accept the 
position of Secretary. After some hesitation, in which be urged his 
inexperience and want of knowledge of foreign languages, he con- 
sented to accept the appointment^. 

At the anniversary meeting on February 16th, 1838, the Wollaston 
Medal was given to Owen in recognition of his services in describing 
the fossil mammals sent home by Darwin. In his address, the 
President, Professor Whewell, dwelt at length on the great value 
of the papers which Darwin had laid before the Society during the 
preceding session. 

On March 7 th, Darwin read before the Society the most important 
perhaps of all his geological papers, On the Oomiexion of certain 
Volcanic Phmiomeifia in South America, a^id on the Fomnation 
of Momdam-Ghains and Volcanoes as the effect of Gontinmital 
Flevations. In this paper he boldly attacked the tenets of 
the Cataatrophists. It is evident that Darwin at this time, taking 
advantage of the temporary improvement in his health, was throwing 
himself into the breach of Uniformitarianism with the greatest ardour, 
Lyell wrote to Sedgwick on April 21st, 1837 , “Darwin is a glorious 
addition to any society of geologists, and is working hard and making 
way, both in his book and in our discussions^/’ 

We have unfortunately few records of the animated debates which 
took place at this time between the old and new schools of geologists. 
I have often heard Lyell tell how Lockhart would bring down a party 
of fidetids from the Athenaeum Club to Somerset House on Geological 
nights, not, as he carefully explained, that “he eared for geology, but 
because he liked to hear the fellows fight/’ But it fortunately 
happens tliat a few days after this last of Darwin’s great field-days, 
at the Geological Society, Lyell, in a friendly letter to his father-in- 

1 L. L. r. p. 285. 

The Life and Letters of the Reverend Adam SedffwieJit Vol. t . p. 434, C6mibridge, 1890. 
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laWj Leonard Homerj wrote a very lively account of tlie pro- 
ceedings while his impressions w ere still fresh ; and this gives us an 
excellent idea of the character of these discussions. 

Neither Sedgwick nor Buckland were present on this occasion, 
but we can imagine how they w^ould have chastised their two “ erring 
pupils'— more in sorrow than in anger— had they been there. 
Oreenough, too, was absent— possibly unwilling to countenance even 
by his presence such outrageous doctrines. 

Darwin, after describing the great earthquakes which he had 
experienced in South America, and the evidence of their connection 
with volcanic outbursts, proceeded to show that earthquakes originated 
in fractures, gradually formed in the earth's crust, and were ac- 
companied by movements of the land on either side of the fracture. 
In conclusion he boldly advanced the view that continental eleva- 
tions, and the action of volcanoes, are phenomena now in progress, 
caused by some great but slow change in the interior of the earth ; 
and, therefore, that it might be anticipated, that the formation of 
mountain chains is likewise in progress ; and at a rate which may 
be judged of by either actions, but most clearly by the growth of 
volcanoes^." 

Lyell's account^ of the discussion was as follows : In support of 

my heretical notions,'' Darwin opened upon De la Beche, Phillips 
and others his whole battery of the earthquakes and volcanos of the 
Andes, and argued that spaces at least a thousand miles long were 
simultaneously subject to earthquakes and volcanic eruptions, and 
that the elevation of the Pampas, Pats^onia, &c., all depended on 
a common cause ; also that the greater the contortions of strata in 
a mountain chain, the smaller must have been each separate and 
individual movement of that long series which was necessary to 
upheave the chain. Had they been more violent, he contended that 
the subterraneous fluid matter would have gushed out and over- 
flowed, and the strata w^ould have been blown up and annihilated^. 
He therefore introduces a cooling of one small underground injection, 
and then the pumping in of other lava, or porphyry, or granite, into 
the previously consolidated and first-formed mass of igneous rock^ 
When he had done his description of the reiterated strokes of his 
volcanic pump, De la Beche gave us a long oration about the impossi- 
bility of strata of the Alps, &c., remaining flexible for such a time as 

^ Ftog. Qsoh Soc* VoL n. pp. 654—60. 

^ Iri/e, Luurs vmd JoumaU of Sir Charles LyeU^ BarL^ edited bj his siater-inda^rj Mis 
Lyelt VoL ii. pp, 40j 41 (Letter to Leonard Horner, 1338), 2 vols, London, 1831. 

^ It is intereating to compare this witli what Bar win wrote to Hen alow aeven years 
earlier^ Bcep, 344. 

^ Ideaa somewhat similar to thiH suggestion have recently been revived by Dr See 
{Froc. Am. Phil. Soc. VoL XLvn. 1903, p. 262). 
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they must have done, if they were to be tilted^ convoluted, or over- 
turned by gradual small shoves. He never, however, explained his 
theory of original flexibility, and therefore I am as unable as ever to 
comprehend why flexibility is a quality so limited in time. 

“Phillips then got up and pronounced a panegyric upon the 
Principles of Geology, and although he still differed, thought the 
actual cause doctrine had been so well put, that it had advanced the 
science and formed a date or era, and that for centuries the two 
opposite doctrines would divide geologists, some contending for 
greater pristine forces, others satisfied, like Lyell and Darwin, with 
the same intensity as nature now employs. 

“Fitton quizzed Phillips a little for the warmth of his eulogy, 
saying that he [Fittonj and others, who had Mr Lyell always with 
them, were in the habit of admiring and quarrelling vnth him every 
day, as one might do with a sister or cousin, whom one would only 
kiss and embrace fervently after a long absence. This seemed to be 
Mr Phillips' case, coming np occasionally from the provinces. Fitton 
then finished this drollery by charging me irith not having done 
justice to Hutton, who he said was for gradual elevation. 

“I replied, that most of the critics had attacked me for overrating 
Hutton, and that Playfair understood him as I did. 

“Whewell concluded by considering Hopkins’ mathematical calcu- 
lations, to which Darwin had often referred. He also said that we 
ought not to try and make out w^hat Hutton would have taught and 
thought, if he had known the facts which we now know." 

It may be necessary to point out, in explanation of the above 
narrative, that w^hile it >vas perfectly clear from Hutton's rather 
obscure and involved writings that he advocated slow and gradual 
change on the earth's surface, his frequent references to violent action 
and earthquakes led many^ — including Playfair, Lyell and Whewell — 
to believe that he held the changes going on in the earth's interior to 
be of a catasti’ophic nature. Fitton, however, maintained that Hutton 
was consistently uniformitarian. Before the idea of the actual 
“flowing" of solid bodies under intense pressure had been grasped 
by geologists, De la Beche, like Playfair before him, maintained that 
the bending and folding of rocks must have been effected before their 
complete consolidation. 

In conclmiing his account of this memorable discussion, Lyell 
adds : “ I was much struck with the different tone in wliich my 
gradual causes was treated by all, even including De la Beche, from 
that wdiich they experienced in the same room four years ago, when 
Buckland, De la Beche (?), Sedgwick, Wliewell, and some others 
treated them with as much ridicule as was consistent with politeness 
in my presence." 
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This importaBt paper wasj in spite of its theoretical characterj 
published in full in the Tramcteiiom of the Geologwal Society 
(Ser, % VoL V- pp< 601 — 630)* It did not however appear till 1340^ 
and possibly some changes may have been made in it during the long 
interval between reading and printing* During the year 1339, Darwin 
continued his regular attendance at the Council meetings, but there 
is no record of any discussions in which he may have taken part, and 
he contributed no papers himself to the Society, At the beginning 
of 1340, he was re-elected for the third time as Secretary, but the 
results of failing health are indicated by the circumstance that, only 
at one meeting early in the session, was he able to attend the Council* 
At the beginning of the next session (Feb* 1341) Bunbnry suc- 
ceeded him as Secretary, Darwin still remaining on the Council. 
It may be regarded as a striking indication of the esteem in which 
he was held by his fellow geologists, that Darwin remained on the 
Council for 14 consecutive years down to 1349, though his attendances 
were in some years very few. In 1843 and 1844 he was a Vice- 
president, but after his retirement at the beginning of 1850, he never 
again accepted I'e-nomination, He continued, however, to contribute 
papers to the Society, as w^e shall see, down to the end of 1862* 

Although Darwin early became a member of the Geological 
Dining Club, it is to be feared that he scarcely found himself in 
a congenial atmosphere at tliosc somewhat hilarious gatherings, 
where tlie hardy wielders of the hammer not only drank port — and 
plenty of it™but wound up their meal with a mixture of Scotch ale 
and soda water, a drink which, as reminiscent of the ‘Afield,” ivas 
regarded as especially appropriate to geologists. Even after the 
meetings, which followed the dinners, they reassembled for suppers, 
at which geological dainties, like “pterodactyle pie^^ figured in the 
bill of fare, and fines of bumpei^ were inflicted on those who talked 
the “ ologies.” 

After being present at a fair number of meetings in 1837 and 8, 
Darwin's attendances at the Club fell ofl'to two in 1839, and by 1841 
he had ceased to be a member. In a letter to Lyell on Dec. 2ncC 1841, 
Leonard Horner wrote that the day before “At the Council, I had 
the satisfaction of seeing Darwdn again in his place and looking well* 
He tried the last evening meeting, but found it too much, but I ho]>e 
before the end of the season he will find himself equal to that also. 
I hail Darwin's recovery as avast gain to science.” Danvin's probably 
last attendance, this time as a guest, was in 1351, when Horner again 
wrote to Lyell, “Charles Darwin was at the Geological Society's Club 
yesterday, where he had not been for ten years^^ — remarkably well, 
and grown quite stout 

^ JtfemoiTi of Ltomrd Horner (privately printed), Tel, n. pp. 39 and 195* 
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It may be intereBtmg to note that at the somewhat less lively 
dining Club— the Philosophical — in the founding of which his friends 
Lyell and Hooker had taken so active a part, Darwin found himself 
more at home, and he was a frequent attendant — in spite of his 
residence being at Down — from 1853 to 18d4< He even made 
contributions on scientific questions after these dinners^ In a letter 
to Hooker he states that he was deeply interested in the reforms 
of the lioyal Society, which the Club was founded to promote. He 
says also that he had arranged to come to town every Club day and 
then my head, I think, will allow me on an average to go to every 
other meeting. But it is grievous how often any change knocks me up^"' 
Of the years 183? and 1838 Darwin himself says they were the 
most active ones which I ever spent, though I was occasionally 
unwell, and so lost some time,.,, I also went a little into society 
But of the four years from 1839 to 1B42 he has to confess sadly 
“I did less scientific work, though I worked as hard as I could, 
than during any other equal length of time in my life. This was 
owing to frequently recurring unw^ellness, and to one long and serious 
illness 

Darwin^s work at the Geological Society did not by any means 
engage the whole of his energies, during the active years 1837 and 
1838. In June of the latter year, leaving town in somewhat bad 
health, he found himself at Edinburgh again, and engaged in ex- 
amining the Salisbury Craigs, in a very diflercnt spirit to that excited 
by Jameson's discourse^. Proceeding to the Highlands he then had 
eight days of hard w^ork at the famous “Parallel Roads of Glen Roy," 
being favoured with glorious weather. 

He says of the writing of the paper on the subject— the only 
memoir contributed by Darwin to the Royal Society, to which he had 
been recently elected — that it was “one of the most difficult and 
instructive tasks I was ever engaged on,” The paper extends to 
40 quarto pages and is illustrated by two plates. Though it is full of 
the records of careful observation and acute reasoning, yet the theory 
of marine beaches which he propounded was, as he candidly admitted 
in after years', altogether wrong. The alternative lake-theory he 
found himself unable to accept at the time, for he could not under- 
stand how^ barriers could be fonned at successive levels across the 
valleys ; and until the following year, when the existence of great 
glaciers in the district was proved by the researches of Agassiz, 
Buckland and others, the difiiculty appeared to him an insuperable 
one. Although Darwin said of this paper in after years that it “ was 
a great failure and I am ashamed of it** — yet he retained his interest 

1 X. X, II, pp, 42, 4S. 2 X, X. I. pp. 67, 68, ^ X, X, i. p. 69, 

^ X, X, I. p, 290. M. X, II, p. 188, 
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ill the queetioii ever afterwards, and he says “my error has been 
a good lesson to me never to trust in science to the principle of 
exclusion 

Although Darwin had not realised in 1838 that large parts of the 
British Islands had been occupied by great glaciers, he had by no 
means failed while in South America to recognise the importance of 
ice-action. His observations, as recorded in his Jounial, on glaciers 
coming down to the sea-level, on the west coast of Bouth America, 
in a^ latitude corresponding to a much lower one than that of the 
British Islands, profoundly interested geologists ; and the same work 
contains many valuable notes on the boulders and unstratified beds in 
South America in which they were included. 

But in 1840 Agassiz read his startling paper on the evidence of 
the former existence of glaciers in the British Islands, and this was 
followed by Buckland’s memoir on the same subject. On April 14, 
1841, Darwin contributed to the Geological Society his important 
paper On th& Distvibutian of Etmtie a/nd the Oontem- 

poram<^ Umtratified Depos-its of South America, a paper full of 
suggestiveness for those studying the glacial deposits of this country. 
It was published in the Transactions in 1842. 

The description of traces of glacial action in North Wales, by 
Buckland, appears to have greatly excited the interest of Darwin. 
^yith Sedgwick lie had, in 1831, worked at the stratigraphy of that 
district, but neither of them had noticed the very interesting surface 
features^ Darwin was able to make a journey to North Wales in 
June, 1842 (alas! it was his last effort in field-geology) and as a result 
he published his most able and convincing paper on the subject in 
the September number of the PhiJmophical Magazine for 1842. 
Tims the mystery of the bell-stone was at last solved and Darwin, 
writing many years afterwards, said “I felt the keenest delight when 
I first read of the action of icebergs in transporting boulders, and 
I gloried in the progress of Geology s.” To the GeograpUcal Journal 
he had sent in 1839 a note “On a Rock seen on an Iceberg in 
16° S, Latitude.” For the subject of ice-action, indeed, Darwin 
retained the greatest interest to the end of his life^ 

In 1846, Darwin read two papers to the Geological Society 
On tJm dust uMch falls on vessels in the AOantie, and On the, 
Geology of tM FalUand Islands ; in 1848 he contributed a note 
on the transjmrt of boulders from low'cr to higher levels ; and in 
1862 another note on the thickness of the Parai)ean formation, as 
shown by recent borings at Buenos Ayres. An account of the 
British Fossil Lepadidae read in 1856, w^as withdrawn by him. 

1 M, L. n. pp. 171—93. » L. L. r. p. 58. 

“ i. I. p. 41. •* M. X, It. pp. 148—71. 
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At the end of 1836 Darwin had settled himself in lodgings in 
Fitzwilliain Street, Cambridge, and devoted three months to the 
work of unpacking his specimens and studying his collection of rocks. 
The pencilled notes on the Manuscript Catalogue in the Sedgwick 
Museum enable us to realise his mode of work, and the diligence 
with which it was carried on. The letters M and H, indicate the 
assistance he received from time to time from Professor Miller, 
the crystallographer, and from his friend Heiislow. Miller not 
only measured many of the crystals submitted to him, but 
evidently taught Darwdu to use the reflecting goniometer himself 
with considerable success. The '‘book of measurements” in which 
the records were kept, appears to have been lost, but the pencilled 
notes in the catalogue show' how thoroughly the work was done. 
The letter R attached to some of tlie numbera in the catalogue 
evidently refers to the fact that they w'ere submitted to Mr Trenham 
Reeks (wbo analysed some of his specimens) at the Geological Survey 
quarters in Craig’s Coui't This w'as at a later date when Darwin was 
writing the Volmnic Islands and South America. 

It was about the month of March, 1837, that Darwin completed 
this work upon his rocks, and also the unpacking and distribution 
of liis fossil ^nes and other siiecimens. We have seen that November, 
18.32, must certainly be regarded as the date when he first realised 
the important fact that the fossil mammals of the Pampean formation 
were aU closely related to the existing forms in South America ; 
while October, 1835, was, as undoubtedly, the date when the study of 
the birds and other fbi-ms of life in the several islands of the Galajiagos 
Islands gave him his second impulse towards abandoning the prevalent 
view of the immutability of siieeies. When then in his pocket-book 
for 1837 Darwin wrote the often quoted passage : “ In July opened 
first note-book on Transmutation of Species. Had been greatly 
struck from about the month of previous March on character of 
South American fossils, and species on Galapagos Archipelago. 
These facts (especially latter), oiigin of all my views it is clear 
that he must refer, not to his firat inception of the idea of evolution, 
but to the flood of recollections, the reawakening of his interest in 
the subject, which could not fail to result from the sight of his 
specimens and the reference to his notes. 

Except during the summer vacation, when he was visiting his 
father and uncle, and with the latter making his first observations 
upon the W'ork of earthw'orras, Darwin w'as busy with his arrange- 
ments for the publication of the five volumes of the Zoology of the 
Beagle and in getting the necessary financial aid from the govern- 
ment for the preparation of the plates. He was at the same time 

1 L. L. I. p. 276. 
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hiH JtmnuU for publication. During the yuarii Itt't? to 
Darwin worked intermittently on the voIuiuum of Zoolofty, all of 
whicii ho edited, while he wrote introductioiia to thoao by Owen and 
Watorhouao and aupplied notes to the others. 

Altliou^h Darwin says of his Journal that the prciMration of the 
book “ was not hard work, as my MS. Journal had liceii written with 
care." Yet from the time that he settled at 36, Great Marlboruujrh 
Street in March, 1837, to the following Xorember be was occupied 
with this book. He tells ns that the account of his scientific 
obserrattoDs was added at this time. Hie work was not puldished 
till March, 1830, when H aj^iearcd as the third volume of the 
Sarraiirt qf the Sfirreyiiig Vojfctges of H.M. Sktpa Advent nrt 
and Beagle betvreu the years 1826 and 1836. The book was 
pnilnldj a long time in the press, for there arc no len than 30 pages 
of aildetida in small print Even in this, its first fonn, the work 
is rcmarkalde for its freshness and charm, and excited a great 
amount of attention and interest In addition to matters trcateil 
of in greater detail in his other works, there are many geological 
notes of extreme value in this volume, such us his account of 
liglitning tubes, of the organisms found in dust, and of the obsldiiui 
txmilM of AuHtralia. 

Having thus got out of hand a number of preliiuiiiary duties, 
Dai'wiii was ready to set to work upon the three volumes which were 
designed by liim to constitute The Geology of the Vnyoye tfiht' Henyk. 
'J’lie first of tliese w as to be on The Structure and Distrihution (fCornk 
reefs. He coininenced the writing of the Issik on Octoln'r S, 18.'i8, 
and the last pniof was corrected on May 6, 18-12. Allowing for the 
frwjiient intemiptiona through illness, Darwin estinuitwl that it ctsit 
him twenty moiitlw of hard work. 

Darwin has related how his tbeorj of Coral-reefs was begun 
in a more “deductive spirit” than any of liis other work, for in 
1831 or 1835 it “ was thought out on the west coast of South America, 
before I had seen a true coial-reer." The final chapter in Lyell's 
secomt volume of the Prinetples was devoted to the subject of (^ral> 
reefs, ami a theory was suggested to account ftw the (leculiar 
phenomena of “atol^" Darwin at once saw the difficulty of acce)rting 
the view that the numerons and diverse atolls all represent submerged 
volcanic craters. His own work had for two yearn been devoted to 
the evidence of land movements over great areas in South America, 
and thus he was led to announce his theory of subsidence to account 
for Iwrrier and encircling reefr as well as atolK 

Fortunately, during his voyage across the Pacific amt Indian 
Oceans, in his visit to Australia and his twelve days' hard work at 

1 L. L. i, p. 70, 
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Keeling Island, he had opportunities for putting his theory to the test 
of observation* 

On his retimi to England, Darwin appears to have been gi*eatly 
surprised at the amount of interest that his new theory excited. 
Urged by Lyell, he read to the Geological Society a paper on the 
subject, as we liave seen^ with as little delay as possible, but this 
paper was “withdrawTi by permission of the CoiinciV' An abstmet 
of three pages however appeared in the Promedhigs of the Geological 
Society'^, A full account of the observations and the theory was 
given in the Jownml (1839) in the 40 pages devoted to Keeling 
Island in particular and to Coral fonnations generally^. 

It will be readily understood what an amount of labour the book 
on Coral reefe cost Darwin when we reflect on the number of charts, 
sailing directions, narratives of voyages and other works which, with 
the friendly assistance of the authorities at the Admiralty, he had 
to consult before he could draw up his sketch of the nature and 
distribution of the reefs, and this was necessary before the theory, 
in all its important bearings, could be clearly enunciated Very 
pleasing is it to read how Darwin, although arriving at a different 
conclusion to Lyell, shows, by quoting a very suggestive i>assage in 
the Prmdples^^ how the latter only just missed the true solution. 
This i>a^age is cited, both in the Journal and the volume on Coral- 
reefe, LyeO, as we have seen, received the new theory not merely 
ungrudgingly, but with the utmost enthusiasm. 

In 1849 Darwin was gratified by receiving the support of Dana^ 
after his prolonged investigation in connection with the U.S* Exploring 
Expedition*, and in 1874 he prepared a second edition of his book, in 
which some objections w^hich had been raised to the theory were 
answered. A third edition, edited by Professor Bonney, appeared in 
1880, and a fourth (a reprint of the first edition, with introduction by 
myself) in 1890. 

Although Professor Semper, in his account of the Pelew Islands, 
hafl suggested difficulties in the acceptance of Darwin's theory, it was 
not till after the return of the Challe^iger expedition in 1875 that 
a rival theory was propounded, and somewhat heated discussions w ere 
raised as to the respective merits of the two theories* While geolo’- 
gists have, nearly without exception, strongly supported Darwin's 
view^s, the notes of dissent have come almost entirely from isoologists. 
At the lieight of the controversy unfounded charges of unfairness 
were made against Darwin's supportei^s and the authorities of the 
Geological Society, but this unpleasant subject has been disposed of, 
once for all, by Huxley®. 

i Yol. II. pp. 652—554 (May 81, 1887). ^ Jminial (1st edit.), pp, 439—68. 

^ 1st edit. Vol. II. p. 296. * M. L. ii. pp. 226—8. 

* E&say^ upon aowte €o7itr<]^erted London, 1892, pp. 314 — 328 and 623 — 625. 
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Dtirwiii'a Huh! mid vory rhiinudcriHtlc iittcrunco mi the coral-reef 
controveray in ffmial hi a letter which he wrote to Profiswor 
Alcxamler Agamix, May 5th, IKHl : lew than a year before bia 
death : ** If 1 am wnmit, the MM>ncr I am knocked on the head and 
annihilated ao mnefa Uk better. It still seema to me a marrellooi 
thing that there dioald not have been much, and kmg-ooatintied, snb- 
aidence in the beds of the great ureana I wish that aume doobly rich 
millkmaire would take it into bis bead to have boringa made in some 
of the FacKic and Indian atolla, and bring borne cores for alicing 
from a depth of 500 or tMMi feet'.” 

Tbongb the ” douNy rich millkmaire ” baa not been forthcoming, 
the energy, bi Knglanci, of IVofeaanr Hollaa, and in New South Wales 
of Pro fc aaor Amleraoo Stuart served to aet on foot a project, which, 
aided at first by the Hritiah AsMiHatinn fur the Advaoceoient of 
Scieooe, and afterwards taken up jointly by the Royal Society, the 
New Sooth Wales Govntinient, and the Admiralty, has led to the 
most definite and ronc l nsive reaolta. 

The Oommittce appointed by the Royal .Society to carry oot the 
undertaking indoded representatives of all the views that had been 
put forward on the subject The iilaoe for the experiment was, with 
the consent of every tntmilier of the t'oiiimittoe, selected by the late 
Adniiml Kir W, J. Wharton — who wits not hiiiuwlf an adherent of 
Darwiii’a views — luiil no one Imih ventured to Hiiggeat that hi« Holec- 
tion, the Hplundid atoll of Fuiiafntl, was not ii ittont judiciouH one. 

By the pluck ami iMTM'Vurence of IVifeMsor SoIIoh in the pre- 
liminary expedition, ami of IVufessor T, Kdgeworth David and his 
pnpils, in subsequent investigations €if the island, the rather difficult 
piece of work wm hmngbt to a highly sattsfiactarr oondasioo. The 
New Sonth Wales (Jovemment lent boring apparatus and workmen, 
and the Admiralty carried the expeditkm to its destinatioo in a 
surveying ship which, nuder (h[itain (nuw Admiral) A. Most 3 m Field, 
made the most complete survey uf the atoll and its surrounding seas 
that has ever been undertaken in the ease of a coral formation. 

After some Ulures and many interruptions, the boring was 
carried to the ilepth of 1 1 1 1 feet, ami the cores obtained were sent 
to EnglamL Merc the examination tif the materials was fortonatelj 
undertaken by a aoologiat uf the highest repute, Dr U. J. Hinde — who 
has a wide experience in the study of organisms by sectkms — and he 
was akled at all (mints specialists in the British Masenm of 
Natural History a^ by other naturalista Nor were the dwmical 
and other (iroblenis neglected. 

The verdict arrived at, after this must exhaustive study of a se ri es 
of cores obtained from dr|>ths twice as great as that thought 

• X.. t. ni. ft. 1S4. 

u. ai 
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necessary by Darwin, was as follows : — The idiole of ike cores are 
found to be buiU up of those organisms which are seen forming 
mral-reefs near the surface of the ocean— mawg of tJiem evidently 
m situ; and not the slightest indimtion could be detectedt by 
chemical or microscopic means, which suggested the prox^imit^y of 
fum-calcareous rocks, even in the lowest portions brought up. 

But this was not alL Professor David succeeded in obtaining the 
aid of a very skilful engineei* from Australia, wdiile the Admiralty 
allow cd Commander F* C* D, Sturdee to take a surveying ship into tlie 
lagoon for fuHher investigations. By very ingenious methods, and 
with great perseverance, two borings were put down in the midst of 
the lagoon to the depth of nearly 200 feet. The bottom of the 
lagoon, at the depth of 101 ^ feet from sea-level, was found to be 
covered with remains of the calcareous, gi'een sea-weed Halimeda, 
miiagled wdth many foraminifera ; but at a depth of 16^ feet from the 
surface of the lagoon the boring tools encountered great masses oi 
coral, which were proved from the fragments brought up to belong to 
species that live within at most 120 feet from the surface of the 
ocean, as admitted by all zoologistsk 

Darwin^ s theory, as is well knowui, is based on the fact that the 
temperature of the ocean at any considerable depth does not permit 
of the existence and luxuriant grow^th of the organisms that form 
the reefs. He himself estimated this limit of depth to be from 120 to 
130 feet; Dana, as an extreme, 150 feet; w^hile the reeeiit very pro- 
longed and successful investigations of Professor Alexander Agassiz 
in the Pacific and Indian Oceans lead him also to assign a limiting 
depth of 150 feet; the effective, reef fomning cora/s, however, flourish- 
ing at a much smaller depth. Mr Stanley Gardiner gives for the 
most important reef-forming corals depths betw^een 30 and 90 feet, 
while a few^ are founfi as low as 120 feet or even 180 feet. 

It will thus be seen that the verdict of Funafuti is clearly and 
unmistakeablj in favour of Darwiifs theory. It is true that some 
zoologists find a difficulty in realising a slow sinking of parts of the 
ocean floor, and have suggested new and alternative explanations: 
but geologists generally, accepting the proofs of slow upheaval in 
some areas — as showm by the admirable researches of Alexander 
Agassiz — consider that it is absolutely necessary to admit that this 
elevation is balanced by subsidence in other areas. If atoUs and 
barrier-reels did not exist we should indeed be at a great loss to 
frame a theory to account for their abseiice. 

After finishing his book on Coral-reefs, Darwin made his summer 
excursion to North Wales, and prepared his important memoir on 

1 The Atoll of Funafuti; IU;p0Tt of the Coral Heef Co 7 nmittee of the Royal Society, 
London j 1904. 
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the glaciers of that district : but by October (1842) we find him fairly 
settled at work upon the second volume of his Geoloyy of the Beayle 
— Off^loyirai Obsermfions on the VoimHie Islander risiied durhiy 
the Voy€iye of ^Bfogk*' The wliole of the year IH43 was 

devoted to this work» but he tells his friend Fox that he could 
“manage only a couple of hours per day, and tlrnt not very regu- 
larly I" Darwins work on the various volcanic islands examined by 
him had given him the most intense pleasure, but the work of writing 
the book by the aid of his notes and specimens he found “uphill 
work,“ especially as he feared the book would not be read, “even by 
geologists V 

As a matter of fact the work is full of the most tiitcresting 
observations and valuable suggestions, and the three editions (or 
reprints) which have ap|)oared have proved a most valuable adflition 
to geological literature* It is not necessary to refer to the novel 
and often very striking discoveries described in this well-known 
work. The subsidence beneath volcanic vents, the enormous denuda- 
tion of volcanic cones reducing them to “basal wrecks,” the effects 
of solfatarric action and the formation of various minerals in the 
cavities of rocks— all of these subjects find admirable illustration 
from his graphic descriptions. One of the most important discussions 
in this volume is that deiiling with the “ lamitiatiun ” of lavas as 
especially well seen in the rocks of Ascension. Like Scrope, Darwin 
recognised tlie close analogy l>etwoeii the structure of those rocks 
and those of metamorphic origin — a subject whicli he followed 
out in the volume (Jetdogical Obserrations mi South Ameriea. 

Of course in these days, since the application of the microscope 
to the study of rocks in thin sections, Darwin's nomenclature aud 
descriptions of the petrological characters of the lavas ap(>air to us 
somewhat crude. But it happened that the ChaUenger visited most 
of the volcanic islands described by Darwin, aiul the specimens 
brought home w'ere examined by the eminent {letrologist Professor 
Renanl. Reiiard was so struck with the w'ork dune by Darwin, 
under disadvantageous conditions, that he undertook a translation 
of Darwin's work into French, and I cannot iK^tter indicate the 
manner in which the hook is reganletl by geologists than by quoting 
a {lassage from Renard’s preihee. Referring to his own w^ork in 
studying the rocks brought home by the ChaUenger^ he says: 

“ Je duB, eii me livmiit k ccs reclierchcs, suivre ligne par Ugne lew 
divers chapitres Obserratiom gfylogiqnes consacr^ aux iles de 
i L. L. L p. SaL * Loc. cii. 

* Reo&rd^i derortplioiia of these rocks sre contsined in the iZrjuorfi . 

Ur Hsrksr is sappleroenting iheso dascHptioiu bj s seriss of petralogiosl immoirK on 
ipeciment, the first of which sppesred in the Qtolpgical for Bisroh. 

1907. 

24—2 
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FAtlantique^ oblige que de comparer d^une maiii^re suivie les 

r(5sultats auxquels conduit avec ceux do Darwin, qui servaient 

de contrdle h mes constatations. Je ne tardai pas k 4prouver une vive 
admiration pour ce chercheur qui, sans autre appareil qoe la loupe, 
sans autre reaction que qiiclques essais pyrognostiques, plus rarement 
qiielques raesures au goniom^tre, parvenait k discemer la nature des 
agr^gats miiniralogiques les plus complexes et les plus varies. Oe 
coup d'oeil qui savait embraescr de si Tastes horizons, p^nfetre ici 
profoudiment tons les details lithologiques. Avec quelle shreto et 
quelle exactitude la structure et la composition des roches ne sont- 
elles pas d^terminees, Torigine de ces masses min<5rales deduitc et 
confirmee par Tetude compariie des manifestations volcaniques 
d^autres regions ; avec quelle science les relatione entre les faits 
qu'il d^couvre et ceux sigiial^s ailleurs par see deyancici's ne sont- 
elles pas 4tablies, et comme voici ^br anises les hypotheses r^gnantes, 
admises sans preuves, celles, par exemple, des cratferes de soulfeve- 
ment et de la dift^renciation radicale des ph^nom^nes plutoniques et 
volcaniques ! Oe qui achfeve de donuer k ce livre iin incomparable 
m^rite, ce sent les idecs nouTelles qui s'y trouvent en germe et 
jet^es Ik comme au hasard aiusi qu’un superflu dAbondance in- 
tellectuelle in^puisable^’* 

While engaged in his study of banded lavas, Darwin tos struck 
with the analogy of their structure with that of glacier ice, and a 
note on the subject, in the form of a letter addressed to Professor 
J, D- Forbes, was piibliahed in the Proceedings of the Royal Society 
of Ddinhnrgk^. 

From April, 1832, to September, 1835, Darwin had been occupied 
in examining the coast or making inland journeys in the interior of the 
South American continent* Thus w^hile eighteen months were devoted, 
at the beginning and end of the voyage to the study of volcanic islands 
and coral-reets, no less than three and a half yeans were given to 
South American geology* The heavy task of dealing with the notes 
and specimens accumulated during that long period was left by 
Darwin to the last. Finishing the Voleamc Islawh on February 
14th, 1844, he, in July of the same year, commenced the preparation 
of two important works which engaged him till near the end of the 
year 1846. The first w^as his Geological Ohser%}atiom on South 
Amm-cot, the second a recast of his Journal^ published under the 
short title of A Naturalist's Voyage romid the World. 

The first of these w^orks contains an immense amount of informa- 
tion collected by the author under gi‘eat difficulties and not un- 
frequently at considerable risk to life and health. No sooner had 

^ Giologiqu&s sur les ties Volcaniques... ^ Pa^is, 1903^j pp. 

a YoU IK (1844—5), pp* 17, 18* 
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Darwin landed in South America than two eeta of phenomena power- 
fully arrested his attention, llie first of these was the occurrence of 
great masses of red mud containing bones and shells^ which afforded 
striking evidence that the whole continent had shared in a series of 
slow and gradual but often interrupted movements. The second 
related to the great masses of crystalline rocks which, underlying 
the muds, cover so great a part of the continent. Darwin, almost as 
soon as he landed, was struck by the circumstance that the direction, 
as showm by his compass, of the prominent features of these great 
crystalline rock-masses — ^their cleavage, master-joints, foliation and 
pegmatite veins^ — was the same as the orientation described by 
Humboldt (whose works lie had so carefully studied) on the west 
of the same great continent. 

The first five chapters of the book on South America were devoted 
to formations of recent date and to the evidence collected on the 
east and west coasts of the continent in regard to those grand earth- 
movements, some of which could be shown to have been accompanied 
by eai’thquake-shocks. The fossil bones, which had given him the 
first hint concerning the mutability of species, had by this time been 
studied and described by comparative anatomists, and Darwin was 
able to elaboote much more fiilly the important conclusion that the 
existing fauna of South America has a close analogy with that of the 
period immediately preceding our own. 

The remaining three chapters of the book dealt with the meta- 
morpMc and plutonic rocks, and in them Darwin announced his 
important conclusions concerning the relations of cleavage and folia- 
tion, and on the close analogy of the latter structure with the banding 
found in rock-masscs of igneous origin. With respect to the first of 
these conclusions, he received the powerful support of Daniel Sharpe, 
who in the years 1852 and 1854 published two papera on the 
structure of the Scottish Highlands, supplying striking confirmation 
of the correctness of Darwin's views. Although Darwin's and Sharpe’s 
conclusions were contested by Murchison and other geologists, they 
are now universally accepted. In his theory concerning the origin 
of foliation, Dai^win had been to some extent anticipated by Scrope, 
but he supplied many facts and illustmtions leading to the gradual 
acceptance of a doctrine which, when first enunciated, was treated 
with neglect, if not with contempt. 

The whole of this volume on South American geology ie crowded 
with the records of patient observations and suggestions of the 
greatest value ; but, as Darwin himself saw, it was a book for the 
working geologist and caviare to the generaL’’ Its author, indeed, 
frequently expressed his sense of the “dryness'' of the book; he 
even says “ I long hesitated whether I would publish it or not,” and 
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he wrote to Leonard Horner “ I am astonished that you should have 
had the courage to go right tltrough my book^” 

Fortunately the second book, on which Darwin was engaged at 
this time, was of a very different character. His Journal^ almost as 
he had written it on board ship, with facts and oteervations fresh in 
his mind, had been published in 1839 and attracted much attention. 
In 1846, he says, “ I took much pains in correcting a new edition,” 
and the work which was commenced in April, 1845, was not 
finished till August of that year. The volume contains a history of 
the voyage with “a sketch of those observations in Natural History 
and Geology, which I think will possess some interest for the general 
reader.” It is not necessary to speak of the merits of this scientific 
classic. It became a great fevourite with the general public — having 
passed through many editions — it was, moreover, translated into a 
number of different languages. Darwin was much gratified by these 
evidences of popularity, and naively remarks in his Autobiography, 
The success of tins my fli^t literary child tickles my vanity more 
than that of any of my other books®” — and this w'as written after the 
Origin of Species had become famous ! 

In Darwin’s letters there are many evidences that his labours 
during these ten yeara devoted to the working out of the geological 
results of the voyage often made many demands on his patience and 
indomitable courage. Most geologists have experience of the con- 
trast between the pleasures felt when wielding the hammer in the 
field, md the duller labour of plying the pen in the study. But in 
Darwin’s case, innumerable interruptions from sickness and other 
causes, and the oft- deferred hoi>e of reaching the end of his task were 
not the only causes operating to make the work irksome. The great 
project, which was destined to become the crowning achievement of 
his life, W'as now gradually assuming more definite shape, and absorb- 
ing more of his time and energies. 

Nevertheless, during all this period, Darw'in so far regarded his 
geological pursuits as his proper “work,” that attention to other 
matters was always spoken of by him as “ indulging in idleness.” If 
at tlie end of this period the world had sustained the great misfortune 
of losing Darwin by death before the age of forty — and several times 
that event seemed only too probable — he might have been remem- 
bered only as a very able geologist of most advanced views, and 
a traveller w'ho had written a scientific narrative of more than or- 
dinary excellence ! 

The completion of the Geology of the Beagle and the preparation 
of a revised narrative of the voyage mark the termination of that 

^ j¥, L. n. p. 221, = L. L, i. p. SO. 
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IKirlnc) of year« of Darwin's life during wliieli geologiml HtudleM 

were his priiicijsil occupation. Uciieoforth^ though his liiU^rost In 
gfH»lc^cHl c|uestion8 remained ever keeii« bjoliigiaU |inili1etiis eiigHgi^l 
more and more of his attention to the partial exclusion of geolfigy. 

The eight years from October, 18M, to Octcilier, IBA-i, wen" 
mainly dcroled to the preparation of his two im|M>fiJuit fiHUHigrm|ihs 
on the recent and to^ Curipedia. Apart frtmi tlie ralue of his 
fkacri|itkici of the foadl forms, this work of Darwin's bad an iiti' 
portant infltieiice on the progress of geological scieiioa Tp to that 
lime a practice had preTafled for the stodent of a |suticular 
geological fonnation to take up the deacripckiti of the plant and 
animal remains in it — often withoat haring anything mote than a 
mdimentary knowledge of the firing forms correspoiiditig to them. 
Darwin in his monograph gave a rery admirmlile illuslration of the 
etMirmoas adrantage to be gained — alike for biology and geology 
by titidertakirig the study of the firing and fussil ftirnia of a natural 
gnnip of organisms in connection with one another. Of the ailraiitage 
of these eight years of work to I^rwin himself, in prepfiritig for the 
great task lying liefore him, Huxley has expressiMl a rery strong 
opiitfon liidoeclK 

lint during these eight years of species work/* Darwin found 
o|i[H»rttmlties for nut a few exenreions into the field of geology, lie 
ncnisioniilly attended the Geological Society, and, an we have already 
seen, roful several papei-s there during this period. Ills friend. 
Dr Ihiokcr, then acting as botanifit to the Oeolugieal Hurvey, was 
eiigHgexl III studying the Carboniferous flora, luul iiumy flistHissions 
on l^alaeoRoie plants and on the origin of ecml t<M»k plact^ at this 
peri^sL <hi this last subject be felt the fk^|»est ititerosi aiifl told 
lliK)ker, ^*1 shall never rest easy in Down chiiirhyanl withoiil llio 
(irolilefii be solred by some one before I die*/* 

As at all times, oonTersationg and leltcrs with Lyell on erery 
branch of geological sdeoce continued with unabated rigour, and in 
s|iite of tlie abaorbing chararlo' of the work on the tlrripcdes, time 
wee found for all In 1849 hk friend Herscrbcl induced him to supfily 
a rbapler of forty pages on Geology to the Admiralty Mammal ff 
SrtrniiJIr Emqmtnf which he was edititig. This b Ikuwin'i singb 
cnntritwitiofi to books of an “educational " kimL It is mtiarkal4e 
for its dearness and rimplicitT and attention to miniile ibtaila It 
may be read by the student cd' DanrinV life with mtirh interest, k»r 
the directions he gires to an explorer are wilhemt dotilji those whkh 
he, as a selfrtaught geologist, proved to be senricealilc during his life 
on the limglr. 

On the completion of the Cirripede rohiiiics, in 1854, Ikirwin was 

> L. L. II. pp. 247—48. • .If. 1. I. pp. *8. tt*. 
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able to grapple with the immeose pile of MS* notes which he had 
acctmiiilated on the species question* The first sketch of 35 pages 
(1842), had been enlarged in 1844 into one of 230 pages^ ; but in 
1856 was commenced the work (never to be completed) wliieh was 
designed on a scale three or four times more extensive than that 
on which the Origin of Species was in the end written* 

In drawing up those two masterly chapters of the Origin, “On 
the Imperfection of the Geological Record,” and “ On the Geological 
Succession of Organic Beings” Darwin had need of all the ex- 
perience and knowledge he had been gathering during thirty years, 
the first half of which had been almost wholly devoted to geological 
study. The most enlightened geologists of the day found much that 
was new, and still more that was startling from the manner of its 
presentation, in these wonderful essays. Of Darwin^s own sense of the 
importance of the geological evidence in any presentation of his 
theoiy a striking proof will be found in a passage of the touching 
letter to his wife, epjoining the publication of his sketch of 1844* 
“In case of my sudden death,” he wrote, “,,,the editor must be a 
geologist as weU as a naturalist^” 

In spite of the numerous and valuable palaeontological discoveries 
made since the publication of The Origin oy ^eeies, the importance 
of the first of these two geological chapters is as great as ever. It 
still remains true that “ Those who believe that the geological record 
is in any de^ee perfect, wiU at once reject the theory as indeed 
they must reject any theory of evolution. The striking passage with 
which Darwin concludes this chapter — in which he compares the 
record of the rocks to the much mutilated volumes of a human 
history— remains as apt an illustration as it did when first written* 
And the second geological chapter, on the Succession of Organic 
Beings though it has been strengthened in a thousand ivays, by the 
discoveries conceimiog the pedigrees of the horse, the elephant and 
many other aberrant types, though new light has been thrown even 
on the origin of great groups like the mammals, and the gymnosperms, 
though not a few fresh links have been discovered in the chains of 
evidence, concerning the order of appearance of new forms of life 
—we would not wish to have re written* Only the same line of 
argument could be adopted, though with innumerable fresh illus- 
trations* Those who reject the reasonings of this chapter, neither 
would they be persuaded if a long and complete succession of 
* ancestral fonxis ” could rise from the dead and pass in procession 
before them. 

^ [The first draft of the Origin ie hemg prepared for Press hy Mr Pranois Datwia 
and will he poblished by the Cambridge University Press this year [1909), A. C. S*1 

^ Ir* If, ii* pp* 16, X7- 
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Among the geological diacussions, which so frequently occupied 
Darwin's attention during the later years of his life, there was one 
concerning which his attitude seemed somewhat remarkable — I allude 
to his views on “the permanence of Continents and Ocean-basins/" 
III a letter to Mr Mellard Reade, written at the end of 1880, he wrote : 
“On the whole, I lean to the side that the continents have since 
Cambrian times occupied approximately their present positions. 
But, as f have said, the question seems a difficult one, and the 
more it is discussed the better^*” Since this was written, the im- 
portant contribution to the subject by the late Dr W. T* Blanford 
(himself, like Darwin, a naturalist and geologist) has appeared in an 
address to the Geological Society in 1890 ; and many discoveries, like 
that of Dr Woolnough in Fiji, have led to considerable qualifications 
of the generalisation that all the islands in the great ocean are 
wholly of volcanic or coral origin. 

I remember once expressing surprise to Darwin that, after the 
views which he had originated concerning the existence of areas of 
elevation and others of subsidence in the Pacific Ocean, and in face 
of the admitted difficulty of accounting for the distribution of certain 
terrestrial animals and plants, if the land and sea areas had been 
permanent in position, he still maintained that theory^ Looking at 
me with a whimsical smile, he said: “ I have seen many of iny old 
friends make fools of themselves, by putting forward new theoretical 
views or revising old ones, after thep wej*e sixty years of age ; so, 
long ago, I determined that on reaching that age I would write 
nothing more of a speculative character.” 

Though Darwin's letters and conversations on geology during these 
later years were the chief manifestations of the interest he preserved 
in his “ old love,” as he continued to call it, yet in the sunset of that 
active life a gleam of the old enthusiasm for geology broke forth once 
more. There can be no doubt that Darwin's inability to occupy 
himself with field-work proved an insuperable difficulty to any 
attempt on his part to resume active geological research. But, as 
is shown by the series of charming volumes on plant-life, Darwin had 
found compensation in making patient and persevering experiment 
take the place of enterprising and exact observation ; and there was 
one direction in which he could indulge the “old love” by employment 
of the new faculty. 

We have seen that the earliest memoir written by Darwin, which 
was published in full, was a paper On the Formatimi of Mordd 
which, was read at the Geological Society on November 1st, 1837, but 
did not appear in the TrmisactiQns of the Society till 1840, where it 
occupied four and a half quarto pages, including some supplementary 

i M. IL p. 147. 
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matter, obtained later, and a woodcut This little paper was confined 
to obeeryatione made in his uncle's fields in Staffordshire, where 
burnt clay, cinders, and sand were found to be buried under a layer 
of black earth, evidently brought from below by earthworms, and to a 
recital of similar facts from Scotland obtained through the agency of 
LyelL The subsequent history of Darwin's work on this question 
affords a striking example of the tenacity of purpose with which 
he continued his inquiries on any subject that interested him. 

In 1842, as soon as he was settled at Dow^n, he began a series of 
observations on a foot-path and in his fields, that continued with 
intermissions during his whole life, and he extended his inquiries 
from time to time to the neighbouring parks of Knole and Holwootl. 
In 1844 w'e find him making a communication to the Gurdener's 
Chronicle on the subject. About 1878, his attention to the question 
was stimulated by the circumstance that his niece (Miss L. Wedgwowl) 
undertook to collect and weigh the worm-casts thrown up, during a 
whole year, on measured squares selected for the purpose, at Leith 
Hill Place. He also obtained information from Professor Ramsay con- 
cerning observations made by him on a pavement near his house in 
1871. Darwdn at this time began to realise the great importance of 
the action of worms to the archaeologist* At an earlier date he appears 
to have obtained some information concerning articles found buried on 
the battle-field of Shrewsbury, and the old Roman town of Uriconium, 
near his early home; between 1871 and 1878 Mr (afterwards Lord) 
Farrer carried on a series of investigations at the Roman Villa dis- 
covered on his land at Abinger; Darwdn's son William examined for 
his father the evidence at Beaulieu Abbey, Brading, Stonehenge 
and other localities in the neighbourhood of his home ; his sons 
Francis and Horace were enlisted to make similar inquiries at 
Chidcock aud Silchester i while Francis Galton contributed facts 
noticed in his walks in Hyde Park. By correspondence with Fritz 
Muller and Dr Ernst, Darwin obtained information concerning the 
worm-oists found in South America ; from Dr Kreft those of Australia ; 
and from Mr Scott and Dr (afterwards Sir George) King, those of 
India; the last-named correspondent also supplied him with much 
valuable information obtained in the South of Europe. Help too 
was obtained from the memoirs on Earthworms published by Perrier 
in 1874 and van Hensen in 1877, while Professor Ray Lankester 
supplied important facts with regard to their anatomy, 

Wien therefore the series of interesting monographs on plant- 
life had been completed, Darwin set to work in bringing the in- 
formation that he had gradually accumulated duiing forty -four years 
to bear on the subject of his early paper. He also utilised the skill 
and ingenuity he had acquired in botanical work to aid in the 
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Q i}hfgical Wr^rk in Old Age 

clacidatioi) of !4,;uj of the that presented themselves, 

i well rememter wrdch I |>aid to Down at this period. At the 

^fde of the little hi ud > itoe<l flower-tK)ts containing earth with worms, 
without interrnpting our conversation, Darwin would from time 
to time lift the glass plate covering a pot to watch what was going 
on. Occasionally, with a humourous smile, he would murmur some- 
thing about a book in another n>om, and slip away; retuming 
shortly, without the book but with unmistakeablc signs of having 
visited the snuff-jar outside. After working about a year at the 
worms, he was able at the end of 1881 to publish the charming little 
liook — The Formation of Vegetable Mould through the Action of 
Worms, unth Observations on their Habits, This was the last of his 
boi>ks, and its reception by reviewers and the public alike afforded 
the patient old worker no little gratification. Darwin’s scientific 
career, which had begun with geological research, most appropriately 
coded with a return to it 

It has been impossible to sketch the origin nod ?ice of 

^ Darwin's geological work without, at almost ever step, referring %o 
he part playeil by Lyell and the Primiples of o^-^ofogy, Oru ckel 
111 the chapters on Lyell and Darwin in his History of Creatkm, and 
Buxley in his striking essay On the Reception of the Origin <f 
Bpeeies^ have both strongly insisted on the fact that the Origiti of 
Earwin was a necessary corollary to the Principles of Lyell. 

It i- true that, in an earlier essay, Huxley had sjx^ken of the 
doctnne < f rniformitarianism as being, in a certain sense, opposed 

that of Evolution*; but in his later years he took up a very 
i iti'erent and more logical position, and maintained that Consistent 
unifonnitarianism postulates evolution as much in the organic as in 
the inorganic world. The origin of a new species by pther than 
ordinary agencies would be a vastly greater ‘ catastrophe * than any 
of those which Lyell successfully eliminated from sober geological 
si>eculation®.” 

Huxley’s admiration for the Prkuipdes of Geology, and his con- 
viction of the greatness of tlu' rev( lutiou of tlnmght brought al>uu! 
by Lyell, was almost as Toarkef! in the of Darwin himself I b 
felt, however, as many havt- done, that in one respKxt tlie 

very success of Lyell’s inae;erpii*v*e has txen the reason why its 
originality and influence have noi beeis si» ftilly recognised as they 
<leserved to be. Written the book was before its author had 

J L. L, n. pp. 179—204. 

* Huxley’s Address to the Geological Society, 1869. Collected E$mys, Vol. ntt. p. 30? 
tr^ndon, 1896. 

» L. L, n. p. 190. 

^ See his Essay on “Science and Pseudo Science.” CoU< . ‘ > .lauy#, Vol. v. p , 

>ion, 1902. 
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ehicidation of many of the difficulties that presented themselves. 
I well remember a visit which I paid to Down at this period* At the 
side of tlie little study stood flower-pots containing earth with worms, 
and, without interrupting our conversation, Darwin would from time 
to time lift the glass plate covering a pot to watch what was going 
on* Occasionally, with a humourous smile, he would murmur some- 
thing about a book in another room, and slip away; returning 
shortly, without the book but with mimistakeable signs of having 
visited the snnlf-jar outside* After working about a year at the 
worms, he was able at the end of 1881 to publish the charming little 
book — The Formation of Vegetahle Monld through the Action qf 
WormSf vnth Ohservations on th^r Hahits. This was the last of his 
books, and its reception by reviewers and the public alike aftbrded 
the patient old worker no little gratification* Darwin's scientific 
career, which had begun with geological research, most appropriately 
ended with a return to it- 

It lias been impossible to sketch the origin and influence of 
Darwin's geological work without, at ahnost every step, referring to 
the pait played by Lyell and the Prhieiples of Geology. Haeckel, 
in the chapters on Lyell and Darwin in his History of Creation^ and 
Iluziey in his striking essay On the Reception of the Origin of 
Species^ have both strongly insisted on the fact that the Origin of 
Darwin was a necessary corollary" to the Principles of Lyell. 

It is true ttiat, in an earlier essay, Huxley had spoken of the 
doctrine of Uniforinitarianism as being, in a certain sense, opposed 
to that of Evolution^; but in his later years he took up a very 
diflerent and more logical position, and maintained that “ Consistent 
uniformitarianism postulates evolution as much in the organic as in 
the inorganic world. The origin of a new- species by other than 
ordinary agencies would be a vastly greater ^ catastrophe ' than any 
of those which Lyell successfully eliminated from sober geological 
speculation®,” 

Huxley’s admiration for the Principles qf Geology^ and his con- 
viction of the greatness of the revolution of thought brought about 
by Lyell, was almost as marked as in the case of Darwin himself^ He 
felt, however, as many others have done, that in one respect the 
very success of Ly ell's masterpiece has been the reason why its 
originality and influence have not been so fully recognised as they 
deserved to be. Written as the book was before its author had 

^ L. L. n- pp, 179—204* 

^ Huxley^s Addreas to the Geological Society, 1869* Colkcted EsmjfSj Vol* viir. p, 305, 
London, 1896, 

3 X* X* II, p, 190. 

* See Ms on “Science and PBeudo Soienee.” CoUecUd Essays, Vol. y* p. 90, 

London, 1902* 
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arrived at the age of thirty, no less than eleven editions of the 
Principles were called for in his lifetime. With the most scrupulous 
care, Lyell, devoting all his time and energies to the task of collecting 
and sifting all evidence bearing on the subjects of bis work, revised 
and re*revised it; and as in each edition, eliminations, modifications, 
corrections, and additions were made, the book, while it increased in 
value as a storehouse of fects, lost much of its freshness, vigour and 
charm as a piece of connected reasoning. 

Darwin undoubtedly realised this when he wrote concerning the 
Principles, “the first edition, my old true love, which I never 
deserted for the later editions Huxley once told me that when, 
in later life, he read the first edition, he was both surprised and 
delighted, feeling as if it were a new book to him^ 

Darwin's generous nature seems often to have made him ex- 
perience a fear lest he should do less than justice to his “ dear old 
master," and to the influence that the Principles of Geology had in 
moulding bis mind. In 1845 he wrote to Lyell, “ I have long wished, 
not so much for your sake, as for my own feelings of honesty, to 
acknowledge more plainly than by mere reference, how much I geo- 
logically owe yoiu Tliose authors, however, who like you, educate 
people’s minds as well as teach them special facts, can never, I should 
think, have full justice done them except by posterity, for the mind 
thus insensibly improved can hardly perceive its own upward ascent®." 
In another letter, to Leonard Horner, he says: “I always feel as 
if ray books came half out of Lyell’s brain, and that I never 

' u. L. tt. p. 333. 

^ 1 haTo before me a letter which illnsirites this feeUog on Hudej'i |mrt. He had 
lamented to me that he did not poaseds a copj of the hrat adition of the PrincipU^, when, 
ahortljT afterwards, 1 picked np a dilapidated eopj on a bookatall ; this I had bound and 
aent to mjf old teacher and colleague. His reply is eharactehetic : 

October S, 1884, 

Mt DiJia J?Di>| 

You oould not have made me a more agreeable present than the copy of the first 
edition of Lyell, which I find on my table. I have never been able to meet with the 
book, and your copy is, as the old woman eaid of her Bible, “the best of books in the beet 
of bindings.” 

Ever youre sineerely, 

T. H. HUXLEY, 

I cannot refrain from relating an inoident which very strikingly eiempUfiee the affection 
tor one another felt by Lyell and Hnxley, In hia Wt iUnefla, when conEned to his bed, 
Lyell heard that Hualey was to lecture at the Boyai Instil ntion on the “ Besults of the 
CiutlUnger expedition”; he b^ed me to attend the lecture and bring him an account 
of iL Happening to mention this to Hnxley, he at once undertook to go to Lyell in 
my place, and he did so on the morning following hia lecture. I shall never forget 
the look of gratitude on the face of the invalid when be told tna, shortly afterwards, 
how Huxley had sat by his bedside and “repeated the whole lecture to him.^' 

* L, L. I. pp. 837—8, 
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acknowledge thie sufficiently Darwin's own most favourite book, 
the Narrative of the Voyage, was dedicated to Lyell in glowing 
terms; and in the Origin of Species he wrote of “Lyell's grand work 
on the Principles of Geology, which the future historian will recognise 
as haling produced a revolution in Natural Science.” What glorious 
good that work has done ” he feiwcntly exclaims on another occasion® 

To the very end of his life, as all who were in the liabit of talking 
with Darwin can testify, this sense of his indebtedness to Lyell 
remained with him. In his Aitiohiography, written in 1876, the 
year after Lyell's death, he spoke in the warmest terms of the value 
to liim of the Principles while on the voyage and of the aid afforded 
to him by Lyell on his return to England^. But the year before his 
own death, Darwin felt constrained to return to the subject and to 
place on record a final appreciation — one as honourable to the writer 
as it is to his lost friend: 

“I saw more of I^yell than of any other man, both before and 
after my marriage. His mind wm characterised, as it appeared to 
me, by cleaniess, caution, sound judgment, and a good deal of 
originality. When I made any remark to him ofi Geology, he never 
rested until he saw the whole case clearly, and often made me see it 
more clearly than I had done before. He w^ould advance all possible 
objections to my suggestion, and even after these were exhausted 
would remain long dubious. A second characteristic was his hearty 
sympathy with the work of other scientific men*. . .His delight in science 
was ardent, and he felt the keenest interest in the future progress of 
mankind He w^as very kind-hearted. . . , His candour was highly remark- 
able. He exhibited this by becoming a conTCrt to the Descent theory, 
though he had gained much fame by opposing Lamarck's views, and 
this after he had grown old.” 

**The science of Geology is euormottsly indebted to Lyell^nore 
so, as I believe, than to any other man who ever lived* ” 

Tliose who knew Lyell intimately will recognise the truth of the 
portrait drawn by his dearest friend, and I believe that posterity 
will endorse Darwin's deliberate verdict concerning tlie value of his 
labours. 

It w^as my own good fortune, to be brought into close contact 
with these two great men during the later years of their life, 
and I may perhaps be permitted to put on record the impressions 
made upon me during friendly intercourse with both. 

In some respects, there w^as an extraordinary resemblance in 
their modes and habits of thought, between Lyell and Darwin ; and 
this likeness was also seen in their modesty, their deference to the 

1 M. L. n. p. 117. “ i. T- 342. 

a I, p. 62. * X. X, r. pp. 71 — 2 (tliG italics are mine). 
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opiiiiou of younger men, their etithiiHiaHiii for Bcienee, their fVeeilom 
frtmi jietty jeuloiMietf and their righteoun indignation for what wa^ 
ineaii and unworthy in otheiu But yet there was a differeiK^. Both 
Ljell and Darwin were caulioiim Imt perhaps Lycll carried fak 
caution to the rerge of timidity. I think Iknriti po uec ss e th and 
riycll lacked, wliat I can only flcscribe by the theological term, 
“faith— the stibstaiice of things hopetl for, the evidence of things 
not seen/’ Both hail lieeii cx>iistraiiicHl to feel that Uie inimiitabilit}^ 
of species could not be nmiiitaineiL Both, too, recognised the fact 
tliat it would l)e useless to proclaim this coiivictioii, unless preiiared 
with a satisfacifiry alteniative to what Huxley called “the Miltonic 
hypothesis,” But Darwin's conviction was so far vital and o|w^rative 
that it 8ustaiiii'<l him while working tineeasitigly for twenty-two 
years in colleetiiig evidence bearing on the question, till at last he 
was in the position of lieitig able to justi^' that conviction to others. 

And yet Lyell’s attitude — and that of Hooker, which was very 
similar — proved of tiicstiuiable service to science, as Darwin often 
acknowledged. One of the greatest merits of the OHgm qf iifpeeieg 
is that so many difficulties and objections are anticipated and fairly 
met; and tliis was to a great extetil the result of the persistent 
and very candid — if always friendly — criticism of Lyell and Hooker. 

1 think the divergetice of mental attitude in Lyell and Darwin 
luuNt l>e attributed to a diftereiice in temijcmniciit, the ovideiice of 
which HometimcH a{>i>cars in a very striking matiuer in their corre- 
s[Kjndciice. Thus in wliile they were in the thick of the fight 

witli the Catastnipliists of the (teological Society, Lyell wrote 
cbaractcristicall) : “ I really find, when bringing up my Preliiniiiary 
Kssays in FriHriples to the science of the present day, so fiu* as 
1 know it, tliat the great outline, and even most of the details, staml 
so u]iipjurc<l, and in inaTiy cases they are tiiiich stretigtheiied by 
iiew' discoveries, es|jednlly by yours, that we may begin to liojic that 
the great principles there insisted on will stand the test of new dis- 
coveries V* To which the more youthful and impetuous Darwin replies : 
to : why the pomiMitff of a doubt has never crossed 
my mind for many a day. Tliis may l>e verj' iiiiphilosophical, but my 
geological sahution is staked on it.. .it makes me c|uiie indignant that 
you should talk of ” 

It was not only Darwin’s “geological salvation'' that was at stake, 
when he surrenderctl himself to his enthusiasiii for an idea. To his 
finii faith in the doctrine of continuity wc owe the Otiffin qf Species; 
and while Darwin became the “Paul” of evolution, Lyell long re- 
matne<l the “doubting Tbomaa'* 

Many must liave felt like H. 0. Wataoii when be wrote: “How 

* Ljcll't Lifif LitUrw mmd ToL n. p. 44. ■ L* X.. t. p. t90. 
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could Sir C, LyelL..for thirty years read, write, and think, on the 
subject of si>ecies and their sueeesmon, and yet constantly look down 
the wrong road^ \ "" Huxley attributed this hesitation of Lyell to his 
“profound antipathy^" to the doctrine of the “pithecoid origin of 
man^,” Without denying that this had considerable influence (and 
those wlio knew Lyell and his great devotion to his wife and her 
memory, are aware that he and she felt much stronger convictions 
concerning such subjects as the immortality of the soul than Larwin 
was able to confess to) yet I think Darwin had divined the real 
characteristics of his friend’s mind, when he wrote : “ He would 
advance all possible objections* . .and even efter these were exha/mted, 
woidd remain long duhimis"' 

Very touching indeed was the friendship maintained to the end 
between these two leaders of thought — free as their intercourse was 
firoio any smallest trace of self-seeking or jealousy. 'Wlien in 1874 
I spent some time with Lyell in his Forfarshire home, a communi- 
cation from Danvin was alw^ays an event which made a “ red-letter 
day,” as Lyell used to say ; and he gtive me many indications in his 
conversation of how strongly he relied upon the opinion of Darwin— 
more indeed than on the judgment of any other man — this coii- 
fidcTice not being confined to questions of science, but extending to 
those of morals, politics, and religion, 

I have heard those who knew Lyell only slightly, speak of his 
manners as cold and reserved. His complete absorption in his 
scientific work, coupled with extreme short-sightedness, almost in 
the end amounting to blindness, may have peimittcd those having 
but a casual acquaintance with him to accept such a view. But 
those privileged to know him intimately recognised the nobleness of 
his character and can realise the justice and force of Hooker's words 
when he heard of his death: “My loved, mj best friend, for well 
nigh forty years of my life, llic most generous sharer of my own 
and my family's hopes, joys and sorrows, w^hose affection for me w^as 
truly that of a father and brother combined,” 

But the strongest of all testimonies to the grandeur of Lyelfs 
character is the Hfclong devotion to him of such a man as Darwin* 
Before the two met, we find Darwin constantly waiting of facts and 
observations that he thinks “ will interest Mr Lyell ” ; and wlico tliey 
came together the mutual esteem rapidly ripened into the warmest 
affection. Both having the advantage of a moderate independence, 
permitting of an entire devotion of their lives to scientific research, 
they had much in common, and the elder man — who had already 
achieved both scientific and literary distinction—was able to give 
good advice and friendly help to the younger one. The warmth of 

1 i* II, p. 227* ^ L. L. IE* p. 19S* 



(c) The Complete Work of Charles Darwin Online 



384 



Darwin and Geology 



their friendship comes out very strikingly in their correspondence. 
When Darwin first conceived the idea of writing a book on tlie 
“species question,” soon after his return from the voyage, it was 
“by following the example of Lyell in Geology” that he hoped to 
succeed^; when in 1844, Darwin had finished his first sketch of the 
work, and, fearing tliat his life might not be spared to complete 
his great undertaking, committed the care of it in a touching letter 
to his wife, it was his friend Lyell whom he named as her adviser and 
the possible editor of the book^; it was Lyell who, in 1856, induced 
Darwin to lay the foundations of a treatise* for which the author 
himself selected the Prineiples as his model ; and when the dilemma 
arose from the receipt of Wallace’s essay, it was to Lyell jointly 
with Hooker that Darwin turned, not in vain, for advice and help. 

During the later years of his life, I never heard Darwin allude to 
his lost friend— and he did so very often— without coupling his name 
with some term of affection. For a brief period, it is true, Lyell’s 
excessive caution when the Origin was published, seemed to try 
even the patience of Darwin ; but when “ the master ” was at last 
able to declai-e himself fuUy convinced, he was the occasion of more 
rejoicing on the jiart of Darwin, than any other convert to his views. 
The latter was never tired of talking of Lyell’s “magnanimity” and 
asserted that, “ To have maintained in the position of a master, one 
side of a question for thirty years, and then deliberately give it up, 
is a fact to w^hich I much doubt whether the records of science offer 
a i>aralleD.” 

Of Darwin himself, I can safely affinn that 1 never knew anyone 
who had met him, even for the briefest period, who was not charmed 
by his peraonality. Who could forget the hearty hand-grip at meet- 
ing, the gentle and lingering pressure of the palm at parting, and 
above all that wanning smile which transfoianed liis countenance — so 
as to make portraits, and even photographs, seem ever aftcrw'ards 
unsatisfying ! Looking back, one is indeed tempted to forget the 
profoundness of the philosopher, in recollectio!i of the loveableness 
of the man. 



^ L. L. 1. p, 83, 
3 X. X, I. p, 84, 



^ X. X. ir, pp, 17^18. 

^ X* X, Ti, pp. 229 — 30. 
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DARWIN’S WORK ON THE MOVEMENTS 
OF PLANTS 

By Fkancis Darwin, 

Honorary Fellow of Christ's College^ Cambridge, 

My father's interest in plants was of two kinds, which may be 
roughly distinguished as Evolutionary and PhymologieaL Thus in 
his purely evolutionary workj for instance in The Origin of Species 
and in his book on VaTwMou under DonUHtication^ plants as well as 
animals served as material for his generalisations. He was largely 
dependent on the work of others for the facts used in the evolu- 
tionary work, and despised himself for Ijelonging to the “blessed 
gang ” of compilers, And he correspondingly rejoiced in the employ- 
ment of his wonderful power of observation in the physiological 
problenas which occupied so much of his later life. But inasmuch as 
he felt evolution to be his life's w^ork, he regarded himself as something 
of an idler in obseiwing climbing plants, insectivorous plants, orchids, 
etc. In this physiological w^ork he was to a large extent urged on by 
his passionate desire to understand the machinery of all living tlnrigs. 
But though it is true that lie worked at physiological problems in 
the naturalist's spirit of curiosity, yet there was always present to 
him the bearing of his facts on the problem of evolution. His 
interests, physiological and evolutionary, w^ere indeed so interw^oven 
that they cannot be sharply separated. Thus his original interest 
in the fertilisation of flowers was evolutionary. “I was lcd\'' he 
says, “ to attend to the cross-fertilisation of flowers by the aid of 
insects, from having come to the conclusion in my speculations 
on the origin of si>eciee, that crossing played an important part in 
keeping specific forms constant,'' In the same way the value of hie 
experimental w^ork on heterostyled plants crystalised out in his mind 
into the conclusion that the product of illegitimate unions are 
equivalent to hybrids— a conclusion of the greatest interest from an 
evolutionary point of view. And again his work Crou aiid Self 
Fertilisation may be condensed to a point of view of great import- 
ance in reference to the meaning and orfgin of sexual reprodnetioii^, 

^ Life find LeiteTS^ i, p, 90, 

“ See rrofesaor GoebeFs article in tlie present volnmo, p, 401, 

D, 25 
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The whole of hia physiological work may be looked at as an 
illustration of the potency of hia theory as an “instrument for the 
extension of the realm of natural knowledge^'" 

His doctrine of natural selection guvCj as is well known, an im- 
pulse to the investigation of the use of organs — and thus created the 
great school of what is known in Germany as Biology— a department 
of science for which no English word exists except the rather vague 
term Natural History, This was especially the case in floral biology, 
and it is interesting to see with w hat hesitation he at first expressed 
the value of his book on Orchids^, “ It ^ill perhaps serve to illustmte 
how Natural History may be worked under the belief of the modifica- 
tion of species (1861), And in 1862 he speaks^ more definitely of 
the relation of his work to natural selection : “ I can show the 
meaning of some of the apparently meaningless iidges [and] horns ; 
who will DOW venture to say that this or tliat structure is useless ? 

It is the fiishion now to minimise the value of this class of work, and 
we even find it said by a modeim writer that to inquire into the ends 
subserved by organs is not a scientific problem, Tliose who take this 
view surely forget that the structure of all living things is, as a whole, 
adaptive, and that a knowledge of how^ the present forms come to be 
what they arc includes a knowdedge of why they survived They 
forget that the summation of variations on which divergence depends 
is under the rule of the environment considered as a selective force, 
Tliey forget that the scientific study of the interdependence of 
organisms is only possible through a knowledge of the machinery of 
the imits. And that, therefore, the investigation of such widely 
interesting subjects as extinction and distribution must include a 
knowledge of function. It is only those who follow this line of work 
who get to see the importance of minute points of structure and 
understand as my father did even in 1842, as shown in his sketch of the 
Origm^^ that every grain of sand counts for something in the balance. 
Much that is confidently stated about the uselessness of ditterent 
organs would never have been written if the naturalist spirit were 
commoner nowadays, Tliis spirit is strikingly showm in my father’s 
w^ork on the movements of plants. The circumstance that botanists 
had not, as a class, realised the interest of the subject accounts for the 
fact that he was able to gather such a rich harvest of results from 
such a familiar object as a twining plant The subject had been 
investigated by H, von Mohl, Palm, and Dutrochet, but they failed 
not only to master the problem but (which here concerns us) to 
give the absorbing interest of Harwdn’s book to wrhat they discovered, 

^ Huxley in Darwin’s hife a»irf LtiUtSt ii. p, 204* 

^ Life and Letters, ui, p, 254, ^ Xoe, ciL 

^ Now being prepared for publication. 
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Ili« work on climbing plants was his first sustained piece of work 
<in the physiology of movement, and he remarks in 1H64 : *'This has 
l>ceii new sort of work for me^/' He goes oii to remark with some- 
thing of surprise, “I have been pleased to find wliat ii capital guide 
for oiiservatiaiis a full conviction of the change of sjMxries ia” 

It was this point of view that enabled him to develop a broad 
euiiccptioti of the power of climbing as an adaptation by means of 
which plants are enabled to reach the lighL Instead of being com- 
Iielled to construct a stem of sufficient strength to stand alone, they 
succeed in the struggle by making use of other plants as supj^orts. 
He showed that the great class of tendril- and root^cliiubers which 
do not depend on twining round a pole, like a scarlet-niiiiier, but 
on attaching themselves as they grow upwards, effect an ecoiiotny. 
Til us a PfuiMoim has to manulacture a stem three feet in length to 
reach a height of tw'o feet above the ground, whereas a i>ea “ which 
had ascendefl to the same height by the aid of its tendrils, was but 
little longer tlian the height reached*/' 

Tims he w as led on to the belief that tmning is the mure aiicieiit 
form of climbing, and that tendril-climberH have Ijcen dcvclojMMl 
from twiners. In accordance with this view wo find le^f-dimhrr»^ 
whidi may be looked on as incipient tendribbearers, occurring in 
the Hiimo genera with simple twiners^. He called attention to the 
case of Mmwamlia gemperjlorens in which the young llower-Btfilks 
revolve Hpontaiieonsly and are sensitive to a touch, but neitlier 
of these qualities is of any perceptible value to the s|>ecies. This 
forced liim to believe that in other young plants the rudiments of 
the faculty needed for twining would be found — a prophecy which 
he made gocxl in his Poiter of Movement many years later. 

In Climbii^ Plants he did little more than point out the remark- 
able fact tliat the habit of climbing is widely scattered through the 
vegetable kingilum. Thus climbers are to be found in out of the 
.lU Phanerogamic Alliances^ of lindley, so that "the conclusion is 
forced on our minds that the capacity of revolving^, on which niost 

^ lAf* diuf m, p, 315, He had, howev^, made m hegioniiig on thn movnmenU 

of 

> Ciiat^inp (2nd edit, 1875), p. 193. 

* /^. €it. p. 195. 

^ if a twining plant, e,g, a hop^ ia obserred before it baa begun to aaoend a pole, Jt will 
be notioed that, owing to the eurr&tiue of the stem, the tip ia not Tertioal but hanga over 
in a roughlj horiaontal poaition. If Eoch & ehoot ia watched tt will be found that if, fen- 
injianoc, it poiota to the north at a giyen hoar, it will be found after a ehort inteiral 
pointing north'eaat, then eaat, and after about two hours it will ooos more be looking 
northward. The ouryature of the atem depends on one side growing quicker than the 
oppoiiite side, and the reTolying movement, i,e, ourcunmutation, dependi on the region of 
quickoBt growth creeping gradually round the etem from south through weit to nouth 
again. Other planta, e,g. Fhase&lutf revolve in the opposite direotion. 
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cliinl^eni depend, is inherent, though undeveloped, in ahnogt every 
plant in tlie vegetable kingdom\” 

In the Origm^ Darwin speaks of the apparent jmnnlox, that 
the very same characters are analogical when one class or order is 
ix>ini>ared with another, but give true affinities when the memliers of 
the same class or onler are compared one with another” In this 
way w'e might i)erhHi>8 say that the climbing of an ivy and a hop arc 
analogical ; the resemblance depending on the adaptive result rather 
than on community of blood ; wher^s the relation l>etween a leaf- 
climber and a tme tendril-bearer reveals descent This particular 
resemblance w as one in which my father took especial delight He 
has described an interesting case occurmig in the Fuiiiariaceae®. 
“The terminal leaflets of the leaf-climbing Fumariu officinalis are 
not smaller than the other leaflets ; those of the leaf-climbing 
Adlnmia cirrhimi are greatly reduced; those of Corytlitiis clmncti- 
lata (a plant which may be indifferently called a leaf-cliinl>er or a 
tendrlM)earer) are either reduced to microscopical dimensions or 
have their bhules wdioHy aborted, so that this plant is acttially in a 
state of transition ; and finally in the Dicentra the tendrils are 
IKjrfectly characterizeti” 

It is a remarkable fact that the quality which, brcaidly speaking, 
forms the basis of the climbing habit (namely revolving nutation, 
otherwise knowii as circumnutation) subserves two distinct ends. 
One of these is the finding of a support, and this is common to 
twiuei^s and tendrils. Here tlie value ends as far as tendril-climbera 
are eoiicernefl, but in twiners Darwin believed that the act of 
climbing round a support is a continuation of the revolving inove- 
meiit (circuinniitatiQn). If Tve imagine a man swinging a roiM? I'onnd 
his heml and if we suppose the rope to strike a vertical post, the free 
end will twine round it This may serve as a rough model of twining 
m exjdaineil in the Momtmnts and Hahits of Climbing Plants. 
It is on these points — the nature of revolving nutation and the 
mechanism of twining — ^that modem physiologists* differ from 
Darwin. 

Their criticism originated in observatioiis made on a revolving 
shoot wiiich is removed from the action of gravity by keeping the 
plant slowly rotating about a horizontal axis by means of the instru- 
ment known as a klinostat. Under these conditiotis circumnutation 
becomes irregular or ceases altogether* When the same experiment 
is made with a plant which has twined spirally up a stick, the process 
1 Ctimbinff Plants^ p. 205. 

^ Ed. t, p. 427, Ed, VI, p. S74- * CUmhing Plants^ p. 195* 

* Boc the diftcusBion in Pfeffer^g The Physiology of Plants t Eug. Tr. (Oxford, lyofl), 
HI. p. a4, where the literature ia given. Also Jost, Varletungen Uler Pfianzenphytiolitgie^ 
p. 5f>2, Jeoft, 1904. 
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of climbing m checked and the last few turns become loosened or 
actually unti^dsted. From this it has been argued that Darwin was 
wrong in his description of circumnutation as an automatic change in 
the region of quickest growth, ^¥lJen the free end of a revohdng 
shoot points towards the north there is no doubt that the south side 
has been elongating more than the north ; after a time it is plain 
fi‘om the slioot liaugiiig over to the east that the west side of the 
plant has grown most, and so on* This rhythmic change of the 
position of the region of greatest grow^th Darwin ascribes to an 
unknown internal regulating power. Some modem physiologists, 
however, attempt to explain the revolving movement as due to a 
pariicular form of sensitiveness to gravitation wliich it is not 
necessary to discuss in detail in this place. It is sufficient for my 
purpose to point out that Darwin's explanation of circumnutation is 
not universally accepted. Personally 1 believe tliat circumimtation 
is automatic™is primarily due to internal stimuli. It is however in 
some w^ay connected with gravitational sensitiveness, since the move- 
ment nonnahy occurs round a vertical hue. It is not imnatural that, 
when the plant has no external stimulus by which the vertical can 
be recognised, the revolving movement should be upset. 

Very much the same may be said of the act of twining, namely 
that most physiologists refuse to accept Darwin's view (above refeiTed 
to) that twining is the direct result of circumnutation. Everyone 
must allow that the tw^o phenomena are in some w^ay connected, since 
a plant which circuimiiitates clockwise, i,e, with the sun, twines in 
the same direction, and mee versd^ It must also be granted that 
geotropism has a bearing on the problem, since all plants twine 
upwards, and cannot twine along a horizontal support. But how 
these two factors are combined, and whether any (and if so what) 
other factors contribute, w^e cannot say. If w^e give up Darwin's 
explanation, we must at the same time say with Pfeffer that *^the 
causes of twining are.,, unknown^,** 

Let ns leave tliis difficult question and consider some other 
points made out in the progress of the work on climbing plants. 
One result of what he called his “ ni^ling^ ” work on tendrils was 
the discovery of the delicacy of their sense of touch, and the rapidity 
of their movement. Tlius in a passion-flower tendril, a bit of platinum 
wire weighing 1'2 mg. produced curvature^, as did a loop of cotton 
weighing 2 mg. Pfeffer* however, subsequently found much greater 
sensitiveness : thus the tendril of angxdaiiis reacted to 

0*00025 mg., but tliis only occurred when the delicate rider of cotton- 

1 The PhydoUgy of FlanU, Eng. Tr, {Oxford, 1006), m. p, 37. 

^ Life rtnd Letters^ iii. p, 313, ^ Clii^iihing Plants ^ p. 171, 

^ JJnUrme^ungm a. d. BoL In&L z. TUbingeny Bd, i, 1881—85, p. 506. 
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w<iul llbrit wiw rliHtiirliod by the wind. Tliu Hiuiie lUitiuir ux)iiiiMl(Hi 
mid uxplaliii'd in n inimt interesting way the tneniiliig of Durwln'i 
n)w«*rvatlmi that tendrils are not stimulate*! Ur nioveiiieiit by dro)M 
of water reatiiig on them. Pfeffer showed that tfiritf water wmtalii- 
itig minute )«rticle« of clay in suspension acts as a stiiiiiihis. He 
aiso showed that gelatine acts like pore water ; if a Mmsith glass rial 
ia oHited with a 10 per cent, sohilaon of gelatine and in then apf>lie«l 
to a tendril no moTenent occurs in ^nte of the bet that the gi*latine 
Is auUd when cold. Pfriler* genoalises the result in the ntateinent 
that the tendril has a special form of irritability and only reacta in 
"d i ffptences of pr s— r e or TaiiatioQs of pressure in contiguous... 
regkwis.*' Hurwin was espedaHy interested in such cases of sperbliscd 
Irritahility. For instance in 34ay, ISM, he wrote to ,\sa Uray* 
d esc ri bing the tendrils of Bigmmia mprrdttta, which "abhor a 
simple stick, do not much reli^ rough bark, hut delight in wool 
or moss." He receired. fnwn Gray, information as to the natnrml 
haldlat of the species, and finaUr oondnded that the temlrils " are 
•{lerially ada|ite*i to climb trees clothed with lichens, momes, or other 
such l»rndilctiohs'." 

Tendrils were not the only instance discoTcred liy Darwin of 
delitucy of touch in plants. In 1860 he had alremly iM'giin bi oliserTo 
Hiindew {Urmrrn), and was full of astonishincnt at Its iKdiavloiir, 
lln wrote to HIr JoNOph Hooker*; "I have been working like a 
tniidiuan at DroHura. Hero is a fact for yon wbich Is c;ortaiii as you 
stand where yon are, thougli you won’t believe it, tliat a bit of Imlr 
rainn "f grain in weight placed on gland, will caiiia* tme of the 
gland-liraritiK hairs of Drosera to curve inwanis." Ileit^ again 
lYeifer* has, as in so many cases, added important bets to niy father's 
nlswrrations. He sboweil that if the leaf oi thrimem is entirely frec«l 
frotn such vilrathHia as would reach it if observed on an onlinary 
laltle, it iloes not react to small weights, so that in bet It was the 
vilwatioo the minute fragment tA hair on the gbnd that pnslucrd 
BKiveaieBt. We nay bnctfhlly see an adaptatkiu to the capture 
of inserts — to the dancing of a gnat's foot on the sensitive snrbM 

IXarwin was food of telling how when he denoostrated the 
senstthrenen of f>raserB to Mr Huxley aad <1 think) to Sir John 
Burdoo Sanderson, he could perceive (in spite of their courtesy i that 

* A |f , Em- T%. ist. p. St. Pfcfe- hms fatmUd M IAm Wtvwtt \km 

MM fdmmrn mmi tb» kmnan senae of tmtk. Om ikia k M lo 

OB4fot«i ppnom mmIi to !■ pr odo o pi wlhen the tn^tr te dipped IbIo Mroory (Ttbiofeo 
fyeimof fc—pi’b, i. p. I04f* 

* tAft «b 4 lu. p. ill, 

* Cl4mUAn0 PtsmU, p. lOfl. 

* I4f0 emf Lrttftit iil p* ilt* 

* 1'feffer 111 Hn fr ri Ilf A Mfipm a. d, BoC. IxuL £. TUbinfftn^ I* p, 491, 
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they thought the whole thiog a delusion. And the story ended with 
his triuniph when Mr Huxley cried out^ “ It is moving.” 

Darwin's work on tendrils has led to some interesting inyestigations 
on the mechanisms by which plants perceive stimuli. Tims Ptetfer^ 
showed that certain epidermic cells occurring in tendrils are probably 
organs of touch. In these cells the protoplasm burrows as it were 
into carities in the thickness of the external cell-walls and thus 
comes close to the surface^ being separated from an object touching 
the tendril merely by a very thin layer of cell-wall substance. 
Haberlandt^ has greatly extended our knowledge of vegetable 
structure in relation to mechanical stimulation. He defines a sense- 
organ as a contrivance by which the deformation or forcible change 
of form in the protoplasm — on which mechanical stimulation depends 
— is rendered rapid and considerable in amplitude {Sinnesorgmie^ 
p. 10). He has shown tliat in certain papillose and bristle-like 
contrivances^ plants possess such sense-organs ; and moreover that 
these contrivances show a remarkable similarity to corresponding 
sense-organs in animals, 

Haberlandt and Nemec^ published independently and simul- 
taneously a theory of the mechanism by which plants are orientated 
in relation to gravitation. And here again we find an arrangement 
identical in principle with that by which certain animals recognise 
the vertical, namely the pressure of free particles on the irritable 
wall of a cavity. In the higher plants, Nemec and Haberlandt be- 
lieve that special loose and freely movable stareh-gmins play the 
part of the otoliths or statoliths of the Crustacea, while the proto- 
plasm lining the cells in which they are contained corresponds to 
the sensitive membi'ane lining the otocyst of the animaL What is 
of special interest in our present connection is that according to 
this ingenious theory^ the sense of verticality in a plant is a form of 
contact-irritability. The vertical position is distinguished from the 
horizontal by the fact that, in the latter case, the loose starch-grains 
rest on the lateral w^alls of the cells instead of on the temiinal w'alls 
as occurs in the normal upright position. It should be added that 
the statolith theory is still mih jivdice ; personally I cannot doubt 
that it is in the main a satisfactoiy explanation of the facts. 

With regard to the rapidity of the reaction of tendrils, Darwin 
records^ that a Passion-Flower tendril moved distinctly within 25 

^ Tiibingen Untermchnngm^ i. p, 524. 

^ PhynologUchc Pfauzenanatomie, Ed. m. Leipzig, 1904, im Pjlnmen* 

Teich^ Leipzig, 1901, aod otiier publications. 

3 d. BenUchen hot. QeselUdiaft, xviii. 1900. See F, Darwin, Presidential Address 
to Section K, British Association , 1904, 

^ The original oouception was due to Noll {Hetarog^n^ Induction^ Leipzigi 1892), but 
his Tiew dlfiered in essential points fiom those here given. 

^ Climbing Flafits^ p, 155. Others have ohserved movement after about 0'^ 
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HtitMUulH of Htiiniilatioit. It was this fact, moi-e tliait any otliuiv tliat 
made liiin doiilit the current explanatioi), vis. that the iiinveineiit 
is due to une«|ual j^rowth on the two sides of tliu tendril, 'Die 
intercstiiiK work of Fitting* has shown, however, tliat the primary 
cause is not (as Darwin supposed) <x>ntractinn on the concave, but an 
astonishingly rapitl increase in growth-rate on the convex side. 

On the last page of Plattt* Darwin wnitc : “ It has 

often been vaguely amertcd that plants are flistiiiguishevi from 
aninMis by not having the power of movement It should rather lie 
■aid that plants acquire and display this power only whcti it hi of 
some ailvaiitage to them.” 

He gradually came to realise the vividnem ami variety of 
vegetable life, and that a i^nt tike an animal has cajmcities of 
Itehaving in different ways under different circumstaiicen, in a 
manner that may be compared to the instinctive movements of 
aiiimala Tliis jioint of view is exjwcaaed in well-known jmssages 
ill the /'oMv*r of Motrment*. “It is impossildc not to lie stnick 
with the reseiiiblance between the. . .movements of plants and many 
of the actions iierfomicd unconsciously by the lower animals," And 
again, “ Ft is hanlly an exaggeration to say tlint the tip of the 
mdiclu,.. having tliu piiwer of directing the movements of the adjoin- 
ing parts, acts like the brain of one of the lower aiiiiimls ; the liraiii 
iK'ing seated witliiii the anterior end of the body, receiving luiiii'es- 
sioiiH from tlie sense-organs, and directing the several movements." 

'file coiiceptioii of a region of perception distinct from a region 
of movement is |H>rhai)s the most fruitful outcome of his work on the 
movements of plants. But many years lieforc its pulilication, via. 
ill IWU, he hail mmlc out the wonderful foct that in the Onrhid 
OiAws/«w* the projecting organs or antennae are sensitive to a 
touch, and transmit an influence “for more than one inch ins/om- 
//iitsoMsfy," which leads to the explosion or violent ejection of the 
pollinia, .\nd as we have already seen a similar transmission of 
a fltiniiilus was discovered by him in Sundew in 1A60, an that in KMS 
he could write to Hooker*: “I cann ot avoid the conclusion, that 
Drosera poi e i e s matter at least in some degree analogmM in con- 
stitution and function to nervous matter." I propose in what follows 
to give some account of the observations on the transmission of 
stimuli given in the Power of Mortment, It is imponsible within 
the space at ray aimmaud to give anything like a complete account 
of the matter, and I must necessarily omit all mention of much 
interesting work. One well-known experiment consisted in iiiittitig 

^ FfiRgiboim^s Jabrft. xxxthi, 190S, p* S4S, 

* Tht qJ Moremtrnt in Planu, JBSO, pp* 671— II, 

* Li/e and Letter*^ ni* p. 268. 

* Life and Lettert, tti. p. 321. 
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o]MU|iie ca|m an tho tipn of needling grHH»m («xg. oat and caiiary- 
graw) and then eipoaing them to light fhmi one iiida The difierenee^ 
in the amount of rnrrmtiire towards the light, between the blinded 
and iioblmded tpectmena, waa ao great that it wan ooncltided that 
the lightHienKitiTeQeai reaided eadiudTely in the tip^ Ihc experiment 
undoubtedH proxea that the aenritiTenen ia tnoch greater in the tip 
than elaewhere, and that there hi a tranamtHHion of atimuliifi fnim the 
tip to the region of etinralure. But Itothert^ haa eoncluiiivcly [irored 
that the bnaal part where the eiinrattire occuni ia aliio fiireeiljf 
Meiiaitire to light He haa ahown, however, that in other graaaea 
Panicfim) the efiiyIiMtoii ia the only |iart which la aetiaitive, 
while the liypocotyl, where tlio movement (iceura, ia not direetly 
aciiaitiTu 

It waa however the queation of the localiaatioii of Uie gmvitii> 
tioiial aenae in tlie tip of Uie acMMlltiig root or radicle that arouaed 
moat attention, ami it waa on Ihta queatioft that a controveny aruee 
which haa conttnned to the preaent day. 

Hie experiment on which Danrin't oondtirion waa baaed oomdaled 
simply in cutting oflT the Up, and then comparing the behavioar 
of roota ao treated with that of normal specimens An uniqjured 
root when placed horisoiitally rqpiina the vertical by iiieana of a 
aliarp down want curve ; not ao a decapitateil rcMit which continiiea 
to grow more or Iuhh liorijEmitally* It waa argucil that tliia clc]ieiu1a 
on the loaa of an organ NpedaliHed for the perception of gravity, and 
rcMiding in the tip of the root ; and the experiment (t«igether with 
certain important variants) was claimed as evidence of the existence 
of such an oigma 

It was at once objected that the amputatioii of the Up might 
check curvature by interfering with lo^tudinal growth, ou the 
dlstribatkHi of which curvature depetidit This objectioci was met 
by showing that an itt|tiry» 6.g. splitting the root lofigittidlnally* 
which does not remove the Up, but serioujily cheeks growth, does 
not prevent geotn»pisnL Tfiis was of some interest in aii4>ther and 
more general way, in showing that curvature and loiigituditial growth 
iiiiist lie pIac!fMl in different categories as regards the conditions on 
which they depend 

Another objeetton of a much more serious kind was tliat the 
amputation of the tip acts as a shock. It was shown by Hothert* 
that the removal of a small part of the coCylefloii of Setaria 
prevents the plant curviiig towards the light, and here there is no 
f)uostioD of removing the sense-organ sitice the greater part of the 

^ BoibOTt, GobB*t BWCrSfif, vti. imt, 

* Wm F. DbtvIb, S«r, Jtmnmt {BM,) in* 1989; p. tia 

■ B— hii cinlknl mmmmrj of IIm ssbjsel is 1894 (Erfimmisibuid), 

p. m. 
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eeiisitive cotyledon is intact In view of this result it was impoesiblo 
to rely on the amputations performed on roots as above described 

At this juncture a new and briiliaiit method originated in Pfetter’s 
laboratory Pfeffcr and Czapek showed that it is possible to bend 
the root of a lupine so that instanoe, the supposed sense-organ at 
the tip is vertical while the motile region is horizontaL If the motile 
region is directly sensitive to gravity the root ought to curve domi- 
wards, but this did not occur : on the contrary it cx>ntinued to grow 
horizontally. This is precisely what should happen if Darwin’s theory 
is the right one : for if the tip is kept vertical, the sense-organ is in 
its normal position and receives no stimulus from gravitation, and 
therefore can obviously trtiiismit none to the region of curvature. 
Unfortunately this method did not convince the botanical world 
because sonic of those who repeated Czapek’s experiment failed to 
get his resulta 

Czapek* has devised another interesting method which throws 
light on the problem. He shows that roote, which have been placed 
in a horizontal [>osition and have tlierefore been geotropically stimu- 
lated, can be distinguished by a chemical test from vertical, le. un- 
stimulated roots. The chemical cliange in the root can be detected 
before any curvature has occurred and must therefore be a symptom 
of stimulation, not of movement. It is particularly interesting to 
find that the change in the root, on which Czapek's test depends, 
takes place in the tip, i.e. in the region which Darwin held to be the 
centre for gravitational sensitiveness. 

Iii 1800 I devised a method® by which I sought to prove that the 
cotyledon of Setaria is not only the organ for light-perception, but 
also for gravitation. If a seedling is supported horizontally by 
pushing the apical [mrt (cotyledon) into a horizontal tube, the coty- 
ledon wiU, acconling to my supixisitiou, be stimulated gravitationally 
and a stimulus will be transmitted to the basal pari of the stem 
(hypocotyl) causing it to bend But this curvature merely raises 
the basal end of the seedling, the sensitive cotyledon remains hori- 
zontal, imprisoned in its tube ; it will therefore be coiitinnally 
stimulated and will coutimie to transmit influences to the bonding 
region, w Inch slioukl therefore curl up into a helix or corkscrew-like 
fonn, — and this is precisely what occurred. 

I have referred to this w'ork principally because the same method 
was applied to roots by Massart* and myself® with a similar though 

^ See Pfeffer, AnnaU of Hoeujt|f, mu. 1894, p, S17, and Cxapek, Pnngslieiiii’a Jahrb. 
zitn. 1895, p. 248. 

’ cf. DmiUch. boi. Gfg. xv, 1897, p. 516, end numeroas sahsequeut papers. 

English readers should oonsiilt Csapek ia Ihe Annah of Botany ^ ttl. 1905, p. 75. 

* F. Darwin, AmioU of Botany^ uii, 1899, p. 567. 

* Maasart, Mint. Courofmia Acad. Jt. lielff* LXU. 1002. 

^ F, Darwin, Soc, Joum. mv* 1902, p. 266, 
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less striking result Although tliesc researcltes confirmed Darwin's 
work on roots^ much stress cannot be laid on them as there are 
several objections to them^ and they arc not easily repeated* 

The method whieh~as far as we can judge at present— seems 
likely to solve the problem of the root-tip is most ingenious and is 
due to Piccard^. 

Andrew Knight's celebrated experiment showed that roots react 
to centrifugal force precisely as they do to gravity. So that if a bean 
root is fixed to a wheel revolving rapidly on a horizontal axis, it tends 
to curve away from the centre in the line of a radius of the wheel. 
In ordinary demonstrations of Knight's experiment the seed is 
generally fixed so that the root is at right angles to a radius, and as 



i 




iar as convenient from the centre of rotation, Piccard's experiment 
is an'anged differently. The root is oblique to the axis of rotation, 
and the extreme tip projects beyond that axis as shown in the sketch. 
The dotted line A A represents the axis of rotation, T is the tip of 
the root, B is the region in which curvature takes place. If the 
motile region B is directly sensitive to gravitation (and is the only 
part which is sensitive) the root will curve away from the axis of 
rotation, as shown by the arrow 6, just as in Knight's exx>erimentw 
But if the tip T is alone sensitive to gravitation the result will be 
exactly reversed^ the stimulus originating in T and conveyed to B 
will produce the curvature in the direction L We may think of 
the line A A as a plane dividing two worlds. In the low^er one 
gravity is of the earthly type and is shown by bodies falling and 
roots curving downwards : in the upper world bodies foU upwards 

1 Pringsheim’fl Jalirh, sl. 1904, p. 94. 
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and roots curve in the sanie direction. The seedling is in the lower 
world, but its tip containing the supposed sense-organ is in the 
strange world where roots curve upwards. By observing whether 
the root bends up or down we can decide whether the impulse to 
bend originates in the tip or in the motile region. 

Piccard's results showed that both curvatures occurred and he 
concluded that the sensitive region is not confined to the tip^. 

Haberlandt^ ha^^ recently repeated the experiment with the 
advantage of better apparatus and more experience in dealing irvith 
plants, and has found as Piccard did that both the tip and the 
curving region are sensitive to gravity, but with the important 
addition that the sensitiveness of the tip is much greater than that 
of the motile region. The case is in fact similar to that of the oat 
and canary-grass. In both instances my father and I were wrong 
in assuming that the sensitiveness is confined to the tip, yet 
there is a concentration of irritability in that region and transmission 
of stimulus is as true for geotropism as it is for heliotropisuL Thus 
after nearly thirty years the controversy of the root-tip has ap- 
parently ended somewhat after the iashion of the quarrels at the 
Ramhow in Silas Marner—^ you're both right and you're both 
wrong,” But the “ brain-function ” of the root-tip at which eminent 
people laughed in early days turns out to be an important part 
of the truth®. 

Another observation of Darwin s hs^ given rise to much con- 
troversy^ If a nunute piece of card is fixed obliquely to the tip of 
a root some influence is transmitted to tlie region of curvature and 
the root bends away from the side to which the car<i was attached. 
It was thought at the time that this proved the root- tip to be 
sensitive to contact, but this is not necessarily the case. It seems 
possible that the curvature is a reaction to the injury caused by the 
alcoholic solution of shellac with which the cards were cemented to 
the tip. This agrees with the jGact given in the Potmr of Movement 
that injuring the root-tip on one side, by cutting or burning it, 
induced a sintilar curvature. On the other hand it was shown that 
curvature could be produced in roots by cementing cards, not to the 
naked surface of the root-tip, but to pieces of gold-beaters skin 

^ Czap^k {PringBheim^s Jahrb, sxxv. 1900^ p, 362) had pr^Jvioualy given reaeons lor 
believing that, in tho root^ there is no ^haip line of sepamtion between the regions of 
perception and movement. 

^ PringHheim*s Jahrh. xnv. 1908, p, 575. 

^ By using Piccard method I have succeeded in showing that the gravitational sensi- 
tiveness of the cotyledon of Sorghum is certainly maeh greater than the sen^itiveneaa of 
the hypocotyl — if indeed any such aensitiveness exists. See Wiesner^a FesUchH/t. Vienna, 
1908. 

^ Power of Movement 1 p. 133. 
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applied to the root ; gold-beaters skin being by itself almost ’with- 
out cifeet. But it must be allowed that, as regards touch, it is not 
clear how the addition of shellac and card can increase the degree of 
contact There is however some evidence that very close contact 
with a solid body, such as a curved fragment of glass, produces 
curvature : and this may conceivably be the explanation of the effect 
of gold-beaters skin covered ’with shellac. But on the whole it is 
perhaps safer to classify the shellac experiments with the results of 
undoubted injury rather than with those of contact. 

Another subject on ’W'hich a good deal of labour was expended 
is the sleep of leaves, or as Darwin called it their nyctitropw 
movement. He showed for the first tune how widely spread this 
phenomenon is, and attempted to give an explanation of the use to 
the plant of the power of sleeping. His theory was that by becoming 
more or less vertical at night the leaves escape the chilling effect of 
radiatioiL Our method of testing this view was to fix some of the 
leaves of a sleeping plant so that they remained horizontal at night 
and therefore fully exposed to radiation, while their fellows were 
partly protected by assuming the nocturnal position. The experi- 
ments showed clearly that the horizontal leaves were more injured 
than the sleeping, i.e. more or less vertical, ones. It may be objected 
that the danger from cold is very slight in warm countries where 
sleeping plants abound. But it is quite possible that a lowering of 
the temperature which produces no visible injury may nevertheless 
be hurtful by checking the nutritive processes (e.g. tianslocation of 
carbohydrates), which go on at night. StahP however has ingeniously 
suggested that the exposure of the leaves to radiation is not direcUy 
hurtful because it lowers the temperature of the leaf, but indtvectly 
because it leads to the deposition ot dew on the leaf-surface. He 
gives reasons for believing that dew-covered leaves are unable to 
transpire efficiently, and that the absorption of mineral food-material 
is correspondingly checked. Stalifs theorj' is in no way destmetive 
of Darwin’s, and it is possible that nyctitropic leaves are adapted 
to avoid the indirect as well as the direct results of cooling by radia- 
tion. 

In what has been said I have attempted to give an idea of some 
of the discoveries brought before the world in the Power of Mo^e- 
ment^ and of the subsequent history of the problems. We must now 
pass on to a consideration of the central thesis of the book, the 
relation of circumnutation to the adaptive curvatures of plants. 

1 Bot. Zeitnng^ 1897 1 p. 81. 

® In 1881 Profeesor Wiesner published his Bewegungivem^gen dev Bjlrnizm^ a 
book devoted to the criticism of TJ\e Bow^ o/ Movement in Plants. A letter to Wiener, 
published in Life and Letters, iii. p, 336. shows Barwin^s warm appreciation of hia oritic^s 
work, and of the spirit in which it is ’written. 
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Dfu'win'ii view !H plainly j^tated on pp. B—4 of tho Power qf 
MmrmeuL H|>eiikirig of eirciuniiutatioD he m\y% ^‘Iii tliiji iitiivemiilly 
]>re«u!tit iiioveNient we luvve the basiB or groundwork for ilio iic4|iiiro* 
itieiit, Aceonling to the reqiiiremeiits of the plant, of the iiioat 
diverNified iiioveD]ent&'' Ue then points oat that eurimtureii such 
tm thoee towarda the li^t or towards the centre of the earth 
can be shown to be exaggerations of circutnnatatioii in the gireit 
dirertiotia lie finally points ont that the difficultj of conceifiiig 
Iniw the cm|iacities of bending in definite directiotis were aci|uire«l 
is diiuiiiiiihed by his conceptioti. ^We know that there bi always 
imiretiiciil in progress, and its am|djtude, or directicHi, or bolli, have 
only |4J lie tnoclified for the good of the plant in relation with jiitenial 
or external stiiiiulL'’ 

It iitay at cHioe be allowed that the view here given has not been 
acet*pu*4l by physiologists The bare fact that drcuninutaiioti is a 
general jmq*criy of plants (other than climbtng spcckw> U tiui 
generally rejected But the botanical world is tio mmrer to lie- 
Itcviiig in the theory* of reaction built on it 

If we coiii|>are the movements of plaiita with those of the lower 
aiiiimils we Bud a certain resemblance between the two. Aceonl* 
iiig to ileimiiigs^ a Paramaseium constantly tends to swerve towards 
the iihoriil side of its txjdy owing to certain [icciilianlies In the set 
and power <if its cilia. But the tendency to Hwiin in a c»lrcU% thus 
produced, is neutnilised by the rotation of the creatuiHj about its 
longitiidiiml axis. Thus the direction of the swerves in relation to 
the jHith of the orgHiitsni is always changing, with the result that the 
creiitiire moves in wliat approxiinates to a straight line, lieliig how- 
ever aclimlly a spiral about the general line of progrem This 
metlMMl of motion is strikingly like the circumiiautioii of a piiiiit, 
the ajiex of which also describes a spiral about the general line of 
growth. A rooterl plant obvio-ualy cannot rotate on its axis, Imt the 
regular series of corvatures of wUcb its growth consisls correspotMl 
to the aberrations of Paramimium distributed r^tilarly about its 
course by means of rotation Just as a plant changes iCa direction 
of growUi by an exaggeration of one of tbe cunralure^lentenU of 
which circtimtiutalion coosiats, so does a Paramiieeium change its 
cotimc by the aceentualtcm of one of the devtalions of which Its 
path is built Jennings has idiown that tbe infusoria, etc., react to 
stimuli by what is known as the "method of trial*' If an organism 

1 II. a J«nDiiits, rXtf ff ike Lem€r CeAumMm 0. Bwme, H.f, 

* In mj tMt*m to the Biotoguml Section of ib« Briti«h AMoointion mi Csr4ifl (1091) 1 
tim?« nltoniplod to ihoir the oomieetion botween cincmnDntetion mu4 rettipeUUitp, it. liw 
iniinte of growiii^ in e gtimight Ime. 
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swims into a region where the temperature is too high or where an 
injurious sutetance is present, it changes its course. It then moves 
forward again, and if it is fortunate enough to escape the influence, 
it continues to swim in tlie given direction. If how^ever its change 
of direction leads it fuHher into the heated or poisonous region it 
repeats the movement until it emerges from its difficulties. Jennings 
finds in the movements of the lower organisms an analogue with 
what is known as pain in conscious organisms. There is certainly 
this much resemblance that a number of quite different sub-injurious 
agencies produce in the lower organisms a form of reaction by the 
help of which they, in a partly fortuitous way, escape from the 
threatening element in their environment. The higher animals are 
stimulated in a parallel manner to vague and originally puiposeless 
movements, one of which removes the discomfort under which 
they suffer, and the organism finally learns to perform the appro- 
priate movement without going through the tentative series of 
actions, 

I am tempted to recognise in circumnutation a similar ground- 
work of tentative movements out of which the adaptive ones M^ere 
originally selected by a process rudely representative of learning by 
experience. 

It is, however, simpler to confine ourselves to the assumption that 
those plants have survived which have acquired through unknown 
causes the pover of reacting in appropriate ways to the external 
stimuli of light, gravity, etc. It is quite possible to conceive this 
occurring in plants which have no power of circumnutating — and, as 
already pointed out, physiologists do as a fact neglect circumnutation 
as a factor in the evolution of movements. ^Vliatcvcr may l^e 
the fate of Dai"ftin's theory of circumnutation there is no doubt 
that the research he carried out in support of, and by the light 
of, this hypothesis has had a pow^erful influence in guiding the 
modern theories of the behaviour of plants. Pfeffer^, who more than 
any one man has impressed on the world a rational view of the 
reactions of plants, has acknowiedged in generous words the great 
value of Darwin's work in the same direction. The older view was 
that, for instance, curvature towards the light is the direct mechanical 
result of the difference of illuiiiination on the lighted and shaded 
surfaces of the plant This has been proved to be an incorrect ex- 
planation of the fact, and Darwin by his work on the transmission 
of stimuli has greatly contributed to the current belief that stimuli 
act indirectly. Thus we now believe that in a root and a stem the 
mechanism for the perception of gravitation is identical, but the 
resulting movements are different because the motor-irritabilities 

^ The Ph^yBiology af FlanU^ Ecg. Tr. in. p, 11, 
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are dissimilar in the two cases. We must come back, in fact, to 
Darwin’s comparison of plants to animals. In both there is per- 
ceptive machinery by which they are made delicately alive to their 
enviromnent, in both the existing survivors are those whose internal 
constitution has enabled them to respond in a beneficial way to the 
disturbance originating in their sense-organs. 
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THE BIOLOGY OP FLOWERS 

By K, Goebel, Pb.D. 

FrofeBmr of Botany in the University of MunioK 

There is scarcely any subject to wbich Darwin devoted so much 
time aiid work as to his researches into the biology of flowers, or, in 
other words, to the consideration of the question to what extent the 
structural and physiological characters of flowers are conelated with 
their function of producing fruits and seeds. We know from his 
own words what fascination these studies possessed for him. We 
repeatedly find, for example, in his letters expressions such as this : 

Nothing in my life has ever interested me more than the fertili- 
sation of such plants as Primula and Lythmm, or again Anacamptis 
or Listera^'^ 

Expressions of this kind coming from a man whose theories 
exerted an epoch-making influence, would be unintelligible if his 
researches into the biologj^ of flowers had been concerned only with 
records of isolated facts, however inter^ting these might be. We 
may at once take it for granted that the investigations were under- 
taken with the view of following up important problems of general 
interest, problems Avhich are briefly dealt with in this essay. 

Darwin published the results of Ids researches in several papers 
and in three larger works, (i) 0% tlie various eontrivanees by which 
British and Foreign Orchids are fertilised by insects (First edition^ 
London, 1862; second edition, 1877 ; popiilar edition, 1904), (ii) The 
effects of Cross ami Self fertilisation in the vegetable Jmigdom 
(First edition, 1876 ; second edition, 1878). (iii) The different forms 
of Flowers on plan ts of the saim (First edition, 1877 ; second 

edition, 1880). 

Although the influence of his work is considered later, we may 
here point out that it was almost without a parallel ; not only does 
it include a mass of purely scientific observations, but it awakened 
interest in very wide circles, as is shown by the fact that we find the 

^ Mon Letters of Charles Darwin, Vol. n. p. 419. 

D. 26 
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results of Darwin's iiwestigations in floral biology universally quoted 
in sehool books ; they are even willingly accepted by those who, as 
regards other qiiestionSj are opposed to Darwin's views. 

The works which we have mentioned are, however, not only of 
special interest because of the facts they contribute, but because of 
the manner in wliich the fects are expressed A supei'ficial reader 
seeking merely for catch-words will, for instance, probably find the 
book on cross and self-fertilisation rather dry because of the 
numerous details which it contains : it is, indeed, not easy to com- 
press into a few words the general conclusions of this volume. But 
on closer examination, we cannot be sufficiently grateful to the author 
for the exactness and objectivity with which he enables us to 
participate in the scheme of his researches. He never tries to 
persuade us, but only to convince us that his conclusions are based 
on facts; he always gives prominence to such facts as appear to be 
in opposition to his opinions, — a feature of his work in accordance 
with a maxim which he laid down It is a golden rule, which I try 
to foUow, to put every fact which is opposed to one's preconceived 
opinion in the strongest lights" 

The result of this method of presentation is that the works 
mentioned above represent a collection of most valuable documents 
even for those who feel impelled to draw from the data other con- 
clusions than those of the author. Each investigation is the outcome 
of a definite question, a “ preconceived opinion,” which is either 
supported by the facts or must be abandoned, “ Ho\v odd it is 
that anyone should not see that all observation must be for or 
against some view if it is to be of any service^!” 

The points of view^ which Darwin had before him were principally 
the following. In the first place the proof that a large number of 
the peculiarities in the structure of fl owners are not useless, but of 
the greatest significance in pollination must be of considerable 
importance for the interpretation of adaptations ; The use of each 
trifling detail of structure is far from a barren search to those who 
believe in natural selection®,” Further, if these stmctural relations 
are shown to be useful, they may have been acquired because from 
the many variations w^hich have oceutTcd along difierent lines, those 
have been preserved by natural selection “ wliich are beneficial to 
the organism under the complex and ever-vaiying conditions of life^*” 
But in the case of flowers there is not only the question of adaptation 
to feitilisation to be considered, Darwin, indeed, soon tbimied the 
oj)inion which he has expressed in the following sentence, —“From 

^ More LetierSy VoL ii. p, 324. ^ lUd. Vol. i, p. 195, 

® FfTtilisation &f Orchids (Ist edit,), p. 351 ; (2nd edit. 1904), p. 2S6, 

^ Ibid, p, 351. 
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my own observations on plants, guided to a certain extent by the 
experience of the breeders of animals, I became convinced many years 
ago that it is a general law of nature that flow'ers are adapted to be 
crossed, at least occasionally, by pollen from a distinct plants” 

The experience of animal breeders pointed to the conclusion that 
continual in-breeding is injurious. If this is correct, it raises the 
<luestiou whether the same conclusion holds for plants. As most 
flowers are hermaphrodite, plants afford much more favourable 
material than animals for an experimental solution of the question, 
what results follow from the union of nearly related sexual cells as 
compared with those obtained by the introduction ot new blood. 
Tlie answer to this question must, moreover, posses the greatest 
significance for the correct understanding of sexual reproduction in 
general 

We see, therefore, that the problems which Darwin had before 
him in his researches into the biology of flowers were of the greatest 
importance, and at the same time that the point of view from which 
he attacked the problems was essentially a teleological one. 

We may next inquire in what condition he found the biology of 
flowers at the time of his first researches, which were undertaken 
about the year 1838. In his autobiography he writes,—" During the 
summer of' 1839, and, I believe, during the previous smnmer, I was 
led to attend to the cross-fertilisation of flowers by the aid of insects, 
from having come to the conclusion in my speculations on the origin 
of species, that crossing played an important part in keeping specific 
foi-ms constant^.’’ In 1841 he became acquainted with SprengeTs 
w'ork : his researches into the biolog)' of flowers were thus continued 
for about forty years. 

It is obvious that there could only be a biology of flowers after 
it liad been demonstrated that the formation of seeds and fruit in 
the flower is dependent on pollination and subsequent fertilisation. 
This proof was supplied at the end of the seventeenth centhry by R. J. 
CamerariuB (10«5 — 1721). He showed that normally seetls and fruits 
are developed only w'hen the pollen reaches the stigma. Tlie manner in 
which this happens w'as first thoroughly investigated by J. (I Kolreuter 
(17,33 — 1806*^), the same observer to whom we owe the earliest experi- 
ments in hybridisation of real scieutifle interest. Kolreuter mentioned 
that poUen may be carried from one flower to another partly by 
wind and partly by insects. But he held the view', and that was, 

1 Ctosr and Self fertilimtian (1st edit,), p, 6. 

^ The I Ate and lietters of Charles Darwin^ Vol, K p. 90, London, 1838. 

^ Kolreuter, Vorldufige Nachricht einigen da» Gesehleckt der Fjlanzen betrejfenden 
Versuchen mid BeobaeJdungeny Leipzig, 1761 ; with three supplement a, 1763—66. Also, 
Mem., de Facade St Fitersbom'gj Yol. xv. 1809* 

26—2 



© The Complete Work of Charles Darwin Online 



404 



The Biology of Mowers 

indeed, the natural assumption, that self-fertilisation usually occurs 
in a flower, in other words that the pollen of a flower reaches the stigma 
of the same flower. He demonstrated, however, certain cases in which 
cross-pollination occurs, that is in which the pollen of another flower 
of the same species is conveyed to the stigma. He was familiar with 
the phenomenon, exhibited by numerous flowei's, to which Sprengel 
afterwards applied the term Dichogamy, expressiug the fact that the 
anthers and stigmas of a flower often ripen at different times, a 
peculiarity which is now recognised as one of the commonest means 
of ensuring cross-pollination. 

With far greater thoroughness and with astonishing power of 
observation C, K, Sprengel (1750-^1816) investigated the conditions 
of pollination of flowers, Darwin was introduced by that eminent 
botanist Robert Brown to Sprengel's then but little appreciated 
work,~i>a>$ entdeckte Geheimtdss der Natur im Bau und in der 
Beftmhtimg der Blumen (Berlin, 1793) ; this is by no means the 
least service to Botany rendered by Robert Brown. 

Sprengel proceeded from a naive teleological point of view. He 
firmly believed ^^that the wise Author of nature had not created a 
single hair without a definite purpose/^ He succeeded in demon- 
strating a number of beautiful adaptations in flowers for ensuring 
poUination ; but his work exercised but little influence on his con- 
temporaries and indeed for a long time after his death. It was 
through Darwin that SprengeVs work first achieved a well deserved 
though belated fame. Even such botanists as concerned themselves 
with researches into the biology of flowers appear to have formerly 
attached much less value to Sprengefs work than it has received 
since Darwin's time. In illustration of this we may quote C. F, 
Gartner whose name is rightly held in the highest esteem as that of 
one of the most eminent hybridologista In his work Versueke mid 
Beobaehtmigen uber die Befruehtungsorgane der voUkommeneren 
Gewdchse mid iiher die naturliche und Jdhistliche Be/ruchtung 
durch den eigenen Pollen he also deals with flower-pollination. 
He recognised the action of the wind, but he believed, in 
spite of the fact that he both knew and quoted Kolreuter 
and Sprengel, that while insects assist pollination, they do so 
only occasionally, and he held that insects are responsible for the 
conveyance of pollen; thorough investigations would show ^^that 
a very small proportion of the plants included in this category 
require this assistance in their native habitat In the majority of 
plants self-poUiiiation occura 

Seeing that even investigators who had worked for several decades 
at fertilisation-phenomena had not advanced the biology of flowers 

^ Gartner^ Versuchs nnd Beobachtungsn...j p. 335, Stuttgart, 1844, 
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beyond the initial stage, we cannot be surprised that other botanists 
followed to even a less extent the lines laid down by Kiilreuter and 
Sprengel. This was in part the result of SprengeTs supernatural 
teleologj' and in part due to the fact that his book appeared at a 
time when other lines of inquiry exerted a dominating influence. 

At the hands of Linnaeus systematic botany reached a vigorous 
development, and at the beginning of the nineteenth century the 
anatomy and physiology of plants grew from small beginnings to a 
flourishing branch of science. Those who concerned themselves with 
flowers endeavoured to investigate their development and stmeture 
or the most minute phenomena connected with fertilisation and the 
formation of the embryo. No room was left for the extension of the 
biology of flow'ers on the lines marked out by Kcilreuter and Sprengel. 
Darwin was the first to give new life and a deeper significance to 
this subject, chiefly because he took as his starting-point the above- 
mentioned problems, the importance of which is at once admitted by 
all naturalists. 

The further development of floral biology by Darwin is in the 
first place closely connected with the book on the fertilisation of 
Orchids. It is noteworthy that the title includes the sentence, — 
“ and on the good effects of intercrossing.” 

The purpose of the book is clearly stated in the introduction : — 
“ The object of the following work is to show that the contrivances 
by which Orchids are fertilised, are as varied and almost as perfect 
as any of the most beautiful adaptations in the animal kingdom; 
and, secondly, to show that these contrivances have for their main 
object the fertilisation of each flower by the pollen of another 
flowcr\” Orchids constituted a particularly suitable family for 
such researches. TTieir flowers exhibit a striking wealth of forms ; 
the question, therefore, whether the great variety in floral structure 
bears any relation to fertilisation^ must in this case possess special 
interest. 

Darwin succeeded in showing that in most of the orchids examined 
self-fertilisation is either an impossibility, or, under natural condi- 
tions, occurs only exceptionally. On the other hand these plants 
present a series of extraordinarily beautiful and remarkable adapta- 
tions which ensure the transference of pollen by insects from one flower 
to another. It is impossible to describe adequately in a few words 
the wealth of facts contained in the Orchid book. A few examples 
may, however, be quoted in illustration of the delicacy of the olracr- 
vations and of the perspicuity employed in interpretating the facts. 

i F^Ttiiisaiion of Ore/ticiif, p. 1. . 

= In the older botanical literature the word fertilisattou ia usually eraployed m eases 
is really in question : as Darwin used it in this sense it is so used here. 
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The imyorlt}' of oichidB differ from other Heed jilanlB (with the 
exee|itloii uf the ABde[>iadB) in haTing no diiftt-like polbiu The 
|M>llen» or more correctly^ the pollen tetraclM, retiiaitt fiinteiied ti»gother 
m dtili-iihM}ied |iolliiiitt itmially borne on a slender ]ie<liceL At tlie 
Inimc of tlie [MMlicel is a small viscid disc by which the is 

atUiche«l to the heail or proboacb of otie of the itmocts which rUit 
die flower, Uarwin demonstrated that in Orchis and other flowers 
the |ietlicel of the poUjiuam^ after its remoral frufn the atithrr, otider* 
goes a curring movemetit. If the polliuium was originally vertical, 
after a time it ataunied a homontal position^ In the latter positHMi, 
if the iiiMect visited another flower, the pollinitttn would exactly hit 
the sticky stigtnalic surfoce and thus effect fertilisatiofi. lYie rdatioii 
between the liehavioiir of the rbdd disc and the secretksi of nectar 

die flower is especially remarkable- The flowers pnssens a sfinr 
which ill some sfieeies (evg. Gymnadenm l^tainmiArra 

etc.) contains honey (nectarX which serves as an attractive 
liail for Insects, but in others (e,g. our naiire species of Orchbl tlie 
spur is cm|>ty, Darwin held the opinion, confiniMMl by later inv estl- 
gatioiiM, dmt ill die case of flowers without honey the insects iiitiHi 
IRMietmU* the wall of die nectarless spurs in onlcr to olitalii a nei'tar* 
like HuliMfaiiCHX I'he glanclH behave differently in the iitM^iHrdRmrjiig 
iiiul ill the ueciarleHH flowei'S, In the former they are so st icky that 
they lit once adhere to the body of the insect; in tlie iieetarleNH 
flowers firm adherence only occurs after the viscid disc hiis hiirdetied. 
It is, therdbre, atliiptivdy of value that the insects slumltl I>e detained 
longer in the iiec^iarless floivers (by having to iwire into the spiirX— 
diiiii in fltiwers in wliicb the nectar ia freely exiniHetL “If this 
relation, on the one hand, between the viscid matter rot{uiriiig wane 
little iiiiie to set hanl, and the nectar being so lodged diat titoths are 
delayed in getting it; and, on the other liamh betwci*ii the visckl 
matter lieifig at first as viscid as ever it will become, and the iieclar 
lying all remly for rapid soedoa be accidental, it is a furtuTiate 
aocklent for the plant If not acodentah and 1 cantiol believe it 
to be accidefital, what a singnlar case of adaptaikmM** 

Among exodc orchids tJatasetum is paiticul^ly remarkable. One 
and the nune species bears different forms of fkiwers. The sfiocieB 
known as CaiamfHm tridemiatmm has poUiuia with very large viscid 
discs; on touching one of the two filamefiis (antainae) which occur 
on Uie gynosteniium of the flower the pollinia are shot out to a fairly 
long distance (as far as 1 metre) and in such manner that Uiey aliglit 
on the Isick of the insect, where they are held. The antetiiuie liave, 
mciriMiver, aci[uifed an importance, from the \mnt of view of the 
[itiysiology' of Htimiilatioti, as stunuliis^perceiviiig organa Ihirwin 
1 of Orehida (Itl edit.), P- 
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had ehown that it is only a touch on the antennae that causes the ex- 
plosion, while contact, blows, wounding, etc. on other places produce 
no effect. This form of flower proved to be the male. Tlie second 
form, formerly regarded as a distinct species and named Monaehan- 
thus mrid'iSf is shown to be the female flower. The anthers have 
only rudimentary polliuia and do not open ; there are no antennae, 
but on the other hand numerous seeds are produced. Another type 
of flower, known as Mi/anthus barbatus, was regarded by Darwin 
as a third form: this was afterwards recognised by Eolfe^ as the 
male flower of another species, Catasetum barbatwn Link, an identi- 
fication in accordance with the discovery made by Criiger in Trinidad 
that it always remains sterile, 

Darwin had noticed that the flowers of Catasetum do not secrete 
nectar, and he conjectured that in place of it the insects gnaw a 
tissue in the cavity of the labellum which has a “slightly sweet, 
pleasant and nutritious taste.” This eoiyecture as well as other 
conclusions drawn by Darwin from Catasetum have been confirmed 
by Criiger—assuredly the best proof of the acumen with which the 
wonderful floral structure of this “ most remarkable of the Orchids ” 
was inter pretated far from its native habitat. 

As is shown by what we have said about Catasetum, other 
problems in addition to those concerned with fertilisation are dealt 
witli in the Orchid book. This is especially the case in regard to 
flower morphology. The scope of flower morphology cannot be more 
clearly and better expressed than by these words ; “ He will see how 
curiously a flower may be moulded out of many separate oi^ns— 
how perfect the cohesion of primordially distinct parts may become, 
— how organs may be used for purposes widely different from their 
proper function, — how other organs may be entirely suppressed, or 
leave mere useless emblems of their fonner existence^.” 

In attempting, from this point of view, to refer the floral structure 
of orchids to their original form, Darwin employed a much more 
thorough method than that of Robert Brown and others. The result 
of this was the production of a considerable literature, especially in 
France, along the lines suggested by Darwin’s work. This is the so- 
caUed anatomical method, which seeks to draw conclusions as to the 
morphology of the flower from the course of the vascular bundles in 
the several parts®. Although the interpretation of the orchid flower 
given by Darwin has not proved satisfactory in one particular point 

1 nolle, K* A. "On the Bexual forms of Cata&etnm with special xoferenee to the 
researches of Darwin and others,” Journ. Linn^ Soc. YoL xsvn. (Botany), 1891, pp* 206 — 
225 * 

^ Fertiluatiitn of OrcMdSj p. 289- 

3 He wrote in one of his letters, " ...the destiny of the whole human race is as nothing 
to the course of vessels of orchids” (Aford Letters, Yol, in p* 275)* 
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— the composition of the labellum — the general results have received 
universal assent^ namely ^^that all Orchids owe what they have in 
eommon to descent from some monocotyledonous plant, which, like 
so many other plants of the same division, possessed fifteen organs 
arranged alteraately three within three in five whorls The 
alterations which their original form has undergone have persisted 
so tar as they were found to be of use. 

We see also that the remarkable adaptations of which we have 
given some examples are directed towards cross-fertilisation* In only 
a few of the orchids investigated by Darwin— other similar cases 
have since been described— was self-fertilisation found to occur 
regularly or usually. The former is the case in the Bee Ophrys 
{Opfi/rys apifiyra\ the mechanism of which gi'eatly surprised Darwin. 
He once remarked to a friend that one of the things that made 
him wish to live a few thousand years was his desire to see the 
extinction of tlie Bee Ophrys, an end to which he believed its self- 
fertilising habit was leading^. But, he wrote, ^*the safest conclusion, 
as it seems to me, is, that under certain unknown circumstances, and 
perhaps at very long intervals of time, one individual of the Bee Ophrys 
is crossed by another^.” 

If, on the one liand, we remember how much more sure self- 
fertilisation woidd be than cross-fertilisation, and, on the other hand, 
if we call to mind the numerous contrivances for cross-fertilisation, 
the conclusion is naturally reached that ''It is an astonishing fact 
that self-fertilisation should not have been an habitual occurrence* 
It apparently demonstrates to us that there must be something 
injurious in the process. Nature thus tells us, in the most emphatic 
manner, that she abhors perpetual self fertilisation*. * .For may wc not 
further infer as probable, in accordance with the belief of the vast 
majority of the breeders of our domestic productions, that marriage 
between near relations is likewise in some way injurious, that some 
unknown great good is derived from the union of individuals which 
have been kept distinct for many generations^ ? ” 

^is view was supported by observations on plants of other 
families, e*g* Papilionaceae ; it could, however, in the absence of 
experimental proof, be regarded only as a ''working hypothesis.” 
All adaptations to cross-pollination might also be of use simply 
because they made pollination possible when for any reason self- 
pollination had become difficult or impossible. Cross-pollination 
would, therefore, be of use, not as such, but merely as a means of 
pollination in general ; it would to some extent serve as a remedy 

^ Fertiluatioih of OrcMds (1st edit.), p. 307. 

3 Life and LetUr&, Vol. in. p. 976 (footnote). 

® Fertilisation of Orchids^ p. 71* ^ Ibid.^ p, 359* 
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for a method unsuitable in itself, such as a modiflcation standing in 
the way of self-poihnation, and on the other hand as a means of in- 
creasing tlie chance of pollination in the case of flowed in which self- 
poilination was possible, but which might, in accidental circumstances, 
be prevented. It w'as, therefore, very important to obtain experimental 
proof of the conclusion to which Darwin was led by the belief of the 
majority of breeders and by the evidence of the widespread occurrence 
of cross-pollination and of the remarkable adaptations thereto. 

This was supplied by the researches which are described in the 
two other works named above. The researches on which the con- 
clusions rest had, in part at least, been previously published in 
separate papers : this is the case as regards the heterostyled plants. 
The discoveries which Darwin made in the course of his investigations 
of these plants belong to the most brilliant in biological science. 

The case of Primula is now well known, C. K. Sprengel and 
others were familiar with the remarkable fact that different individuals 
of the European species of Primula bear differently constructed 
flowers; some plants possess flowers in which the styles project 
beyond the stamens attached to the corolla-tube (long-styled form), 
while in others the stamens are inserted above the stigma which is 
borne on a short style (short-styled form). It has been shown by 
Breitenbach that both forms of flower may occur on the same plant, 
though this happens very rarely. An analogous case is occasionally 
met with in hybrids, which bear flowers of different colour on the 
same plant (e.g. Dianthm mry<yphyllm). Darwin showed that the 
external differences are correlated with others in the structure of 
the stigma and in the nature of the pollen. The long-styled flowers 
have a spherical stigma provided with targe stigmatic papillae ; the 
pollen grains are oblong and smaller than those of the short-styled 
floweiu The number of the seeds produced is smailer and the ovules 
larger, probably also fewer in number. Tlie short-styled flowers have 
a smooth compressed stigma and a corolla of someivhat different 
form ; they produce a greater number of seeds. 

Tliese different forms of flowers were regarded as merely a case 
of variation, until Danrin showed “that these heterostyled plants 
are adapted for reciprocal fertilisation ; so that the two or three forms, 
though all are hermaphrodites, are related to one another almost 
like the males and females of ordinary unisexual animals We 
have here an example of hermai)hrodite flowers which are sexually 
different. There arc essential dilFerences in the manner in which 
fertilisation occurs. This may be effected in four different ways ; 
there are two legitimate and two illegitimate types of fertilisation. 
The fertilisation is legitimate if pollen from the long-styled flowera 

^ Forms of Fljowtrs (1st edit.), p* 
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rcache8 the Htignm of the short-styled form or if pollen of the ehort- 
stylecl flowers is brought to the Btigma of the loiig-styled flower, that 
is the organs of the same length of the two different kinds of flower 
react on one another. Illegitimate fertilisation is represented by Uie 
two kinds of self-fertilisation, also by cross-fertilisation, in which the 
pollen of the long-styled form reaches the stigma of the same t}iie of 
flower and, similarly, by cross-pollination in the case of the short- 
styled flowers. 

The applicability of the tenns legitimate and incgitiniate depemls, 
on the one hand, uiioii the fact tliat insects which visit the different 
forms of flowers pollinate them in the manner suggested ; the pollen 
of the short-styled flowers adhere to that jmrt of the insect's body 
whtcb touches the stigma of the long-atyl^ flower and vice 
On the other hand, it is based also on tlie foct that experiinent 
shows that artificial {lollinatioii produces a very different result 
accorrliiig as this is legitimate or illegitimate; only the Intimate 
union ensures complete fertility, the plants thus produced being 
stronger than those which are produced illegitimately. 

If we take 100 as the number of flowers which pnxluce seeds as 
the result of legitimate fertilisation, we obtain the following numbers 
from illegitimate fertilisation : 

Prlrmda officinalis {P. veris) (Cowslip) ... 00 

(Oxlip) 27 

Prinmla aemdis {P, mdgaris) (Primrose) ... 60 

Further, the plants produced by the illegitimate method of fertilisation 
showed, e.g. in P. officinalisy a decrease in fertility in later genera- 
tions, sterile [lollen and in the open a feebler growth \ They behave 
in fact precisely in the same way as hybrids between species of 
different genera. Tliis result is important, ** for wc thus leani that 
the diflicnlty in sexually uniting two organic forms and the sterility 
of their offspring, afford no sore criterion of so-called specific dis- 
tinctness*'’: the relative or absolute sterility of the illegitimate 
untotiB and that of their illegitimate descendants depend exclusively 
on the nature of the sexual elements ainl on their inability to combine 
in a particular manner. This functional difference of sexual cells is 
characteristic of the behaviour of hybrids as of the illegitimate unions 
of heterostyled plants. The agreement becomes even closer if we 
regard the Primula plants bearing different forms of flowers not as 
belonging to a systematic entity or special,” but as including several 
clementarv’ species. The Intimately produced plants are thus true 

> Ofider fftTuQTftlile eoiiditionA (in m gr^enliouBa) tbe feriilitT of ibe pUoU of the 
fourth genorfttion incroMes — m point, ivbich in view of Yirtotii theoreUetil qneitionfi, 
deier\et further inrertigmiiDzi, 

* Form# of Flowifit p. 242. 
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hybrids^, with which their behaviour in other respects, m Darwin 
showed, presents so close an a^eement. This view receives support 
also from the feet that descendants of a flower fertilised illegitimately 
by pollen from another plant with the same form of flower belong, 
with few exceptions, to the same type as that of their parents. 
The two forms of flower, how^ever, behave differently in this respect* 
Among 162 seedlings of the long-styled illegitimately pollinated 
plants of Primula officinalis^ including five generations, there were 
156 long-styled arid only six short-styled forms, while as the result of 
legitimate fertilisation nearly half of the offspring were long-styled 
and half short-styled The short-styled illegitimately pollinated form 
gave five long-styled and nine short-styled ; the cause of this difference 
requires further explanation. The significance of heterostyly, w^hether 
or not we now regard it as an arrangement for the normal production 
of hybrids, is comprehensively expressed by Darwin : We may feel 

sure that plants have been rendered heterostyled to ensure cross- 
fertilisation, for w^e now know that a cross betw^een the distinct 
individuals of the same species is highly important for the vigour and 
fertility of the oflspriiig® ” If we remember how- important the 
interpretation of heterostyly has become in all general problems 
for example, those connected with the conditions of the fonnation of 
hybrids, a fact which was formerly overlooked, we can appreciate 
how^ Darwin was able to say in his autobiography : do not think 

anything in my scientific life has given me so much satisfaction as 
making out the meaning of the structure of these plants^ ” 

The remarkable conditions represented in plants with three kinds 
of flowers, such as Lythrum and Oxalis, agree in essentials with those 
in Primula. These cannot be considered in detail here ; it need only 
be noted that the investigation of these cases w^as still more laborious. 
In order to establish the relative fertility of the different unions in 
Lythmim salicaria 223 different feHilisations were made, each flower 
being deprived of its male organs and then dusted w ith the appropriate 
pollen. 

^ Wlif^n Darwin wrote in reference to the different forms of heterostyled plants, which 
all belong to the same species as certainly as do the two sexes of the eame species 
and Self fertili&ation^ p. 466), he adopted the term speeiee in a eomprehensive sense. 
The reeent researches of Bateson and Gregory (“On the inheritance of Heterostyhsm 
in Priimila ” ; R<yij. Soe. Ser. B, Voh lxsvi, 1905, p. 581} appear to me also to 

support the view that the results of illegitimate crossing of heterostyled Primulas corre- 
ypond with those of hybridisation. The fact that legitimate pollen effects fertilisation, 
even If illegitimate pollen reaches the stigma a short time previously, also points to this 
conclusion. Self-pollination in the ease of the short' styled form, for example, is not 
excluded. In spite of this, the numerical proportion of the two forms obtained in the 
open remains approximately the same as when the pollination was exclusively legitimate, 
presumably because legitimate pollen is prepotent. 

® Forms of Flowers j p. 258. ^ Life and LHterSy Vol. i. p. 91. 
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Til tho book containing the account of lieteroatylcd i>Iant8* 
otlicr M[iccicR are dealt with whichj in addition to floworH o[>oiiing 
nonnally (cha^mogamouR)^ also possess flowers which reiiiaiii closed 
lint are capable of producing fruits These cleistogammis flowera 
aflbrtl a striking example of habitual self-pollination, ami IL von 
Mohl drew special attention to them as such shortly after the 
appearance of Darwin’s Orchid book If it were only a queHtion of 
prcKiiicing seed in the simplest way, cleistoganious flowers would be 
the most conveniently constructed The corolla and frequently other 
parts of the flower are reduced ; the development of the seed tiiay» 
therefore, be accomplished with a smaller expenditure of building 
material than in chasniogamons flowers ; there is also no loss of 
pollen, and thus a smaller amount suffices for fertiiisatiom 

Almost all these plants, as Darwin pointed out, have also chas- 
moganious flowers which render cross-fertilisation possible. His view 
that cleistogatiious flowers are derived from originally chasm ogaiiious 
flowers has been confirmed by more recent researches* Conditions 
of iiutritioii in the broader sense are the factors which determine 
whether chasinogamous or cleistogamous flowers are imuluced, 
assuming, of course, that the plants in question have the jKiwer of 
developing both forms of flower. The former may fail to appear for 
some time, but are eventually developed under favmimble eomlitions 
of noiirishnioiit. The belief of many authors that there are plants 
with only cleistogamous flowers cannot therefore be accepted 
authoritative witliuut thorough experimental proof, as we are con- 
cerned with oxtra-european plants for which it is ofteii difiicult to 
provide appropriate conditions in cultivation. 

Darwin sees in cleistogamous flowers an adaptation to a good 
supply of seeds with a small expenditure of material, while chasmo- 
gamoiis flowers of the same species are usually crosa*fertilisod and 
"their <iflspring will thus be invigorated, as we may infer from a 
widc-sprcad analog}'^" Direct proof in support of this has hitherto 
been supplie^l in a few* cases only ; we shall often find that the example 
set by Darwin in solving such problems as these by lalKirtoiis experi- 
ment has unfortunately been little imitated 

Another chapter of this book treats of the distribution of the sexes 
ill polygamoits, dioecious, and gyno-dioecious plants (the last term, 
now in comtiion use, we owe to Darwin)^ It contains a number of 
important facts and discussions and has inspired the experiineTital 
researches of Correns and others. 

ITic most inijxjrtant of Darwin's work on floral biology is, however, 
that on CTOS8 and self-fertilisation, chiefly because it states the results 
of ex|H3ri mental investigations extending over many years. Only such 

' Funm of Ffoirer# (let edit.), p. S4l. 
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experimentej ae we have pointed out^ could determine whctlior croHg- 
fertiliaatioii is in itself beneficial, and self-fertilisation on the other 
hand injnriouB; a conclusion which a merely comparative examination 
of pollination-mechanismB renders in the highest degree probable* 
Later floral biologists have unfortunately almost entirely confined 
themselves to observations on floral mechanisms. Biit there is little 
more to be gained by this kind of work than an assumption long ago 
made by C- K. Sprengel that “veiy^ many flowers have the sexes 
separate and probably at as many hermaphrodite flowers are 
dichogamous ; it would thus appear that Nature was unwilling that 
any flower should be fertilised by its own pollen/* 

It was an accidental observation which inspired Darwin's experi- 
ments on the effect of cross and self-fertilisation. Plants of lAtmria 
tyulgarijs were grown in two adjacent beds ; in the one were plants 
produced by cross-fertilisation, that is, from seeds obtained after 
fertilisation by poOen of another plant of the same species ; in the 
other grew plants produced by self-fertilisation, that is from seed 
[iroduced as the result of pollination of the same flower, Tlie first 
were obviously superior to the latter. 

Darwin was surprised by tliis observation, as he Imd expected 
a prejudicial influence of self-fertilisation to manifest itself after a 
series of generations : '' I always supposed until lately that no evil 
effects would be visible until after several generations of self-ferti- 
lisation, blit now I see that one generation sometimes suflices and 
the existence of dimorphic plants and all the wonderful contrivances 
of orchids are quite intelligible to meV* 

The observations on Linaria and the investigations of the results 
of legitimate and illegitimate fertilisation in heterostyled plants were 
apparently the beginning of a long series of experiments, Tliese 
were concerned with plants of different families and led to results 
which are of fundamental importance for a true expla nation of sexual 
reproduction. 

The experiments were so arranged that plants were shielded from 
insect-visits by a net. Some flowers were then poIlinate<l with their 
own pollen, others with pollen from another plant of the same species, 
Tlie seeds were germinated on moist sand ; two seedlings of the same 
age, one from a cross and the other from a self-fertilised flower, were 
selected and planted on opposite sides of the same pot Tliey grew 
therefore under identical external conditions ; it was thus |H)ssible to 
comiiare their jieculiarities such as height, weight, fruiting capacity, 
etc. In other cases the seedlings were placed near to one another in 
the oi>en and in this way their caimcity of resisting unfavourable 
external conditions w as tested The experiments were in some cases 

1 Ante, p. “ More Lettert, VoL n. p, 



© The Complete Work of Charles Darwin Online 



414 



The Biology of Flowers 

caiithmod to the tenth generation and tlie flowerg wore crossed in 
ditferent ways. We see, therefore, that this l>ook also represents an 
enormous amount of most careful and patient original work. 

llie genera] result obtained is that plants produced as the result 
of cross-fertilisation are superior, in the migority of cases, to those 
prodiice<] as the result of self-fertilisation, in height, resistance to 
external iiyurious influences, and in seed-production. 

Ipomoea p^irpurm may be quot^ as an example. If we express 
the result of cross-fertilisation by 100, we obtmii the following 
numbers for the self-fertilised plants. 





Height. 


Kumber of seedi. 


1 Generation 


100:76 


100:64 


» 


100:79 


— 




100:68 


100:94 


4 


100:86 


100:94 


6 


100 : 75 


100:89 


6 


100:72 




7 


100:81 


— 


8 


100:85 


— 


9 


100:79 


100 : 26 (Number of ea|ietito8) 


10 


100:54 





Taking the average, the ratio m regards growtli is 100 : 77* Tlie 
cotisideraiile superiority of the crossed plants is apparent in the first 
generation and is not increased in the following generations ; but 
there is some fluctuatioii about the average ratio. The numbers 
representing the fertility of crossed and self-fertilised plants are 
iiiore difficult to compare with accuracy ; the superiority of the 
crossed plants is chiefly explained by the fact that they produce 
a much larger number of capsules, not because there are on the 
average more seeds in each capsule. Tlie ratio of the caiMules wm, 
e.g. in the thinl generation, 100 : 30, that of the seetls in the capsules 
1(MI;94. It is also especially noteworthy that in the self-fertilised 
plants the anthers were smaller and contained a smaller amount of 
[mllen, and in the eighth generation the reihiced fertility showed 
itself in a form which is often found in hybrids, that is the first 
flowers were sterile ^ 

The superiority of crossed individuals is not exhibited in the 
same way in all planta For example in Escksehofzia tali/ornira 
the crossed seedlings do not exceed the self-fertilised in height and 



^ Complete itcrilitj wie not found in anj of the pUnti jnveetignted bj Derwin. Other® 
ftppe^ to bo more oensiliTei Cluei' found Zea Mai* “ nlmoet iterile " efter tJireo gvneretionB 
of ttelf-fertiHaAliou. (Cf. Fruwirth, DU ZUchtunf dtr LandwirUcht^tliehtn KuUurpJtameHf 
Berlin, 1904, u. p. 0.) 
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vigour, but the crosaiug considerably increases the plant’s capacity 
for flower-production, and the seedlings from such a mother-plant 
are more fertile* 

Tlie conception implied by the term crossing requires a closer 
analysis* As in the majority of plants, a large number of flowers are 
in bloom at the same time on one and the same plant, it follows that 
insects visiting the flowers often carry pollen from one flower to 
another of the same stock Has this method, which is spoken of as 
Geitonogamy, the same influence as crossing with pollen from another 
plant? Tlie results of Darwin's experiments with different plants 
{Ijmnmea pfirpurea, BiyitaMn purpurea, Mimtdus Intern, Pela/r- 
goninm, Origanum) were not in complete agreement ; but on the 
whole they jiointcd to the conclusion that Geitonogamy shows no 
superiority over self-fertilisation (Autogamy) I Darwin, however, 
considered it possible that this may sometimes be the case, “ ITie 
sexual elements in the flowei’s on the same plant can rarely have 
been dificrentiated, though this is possible, as flower-buds are in one 
sense distinct individuals, sometimes varying and differing from one 
another in structure or constitution^^’ 

As regards the importance of this question from the point of view 
of the significance of cross-fertilisation in general, it may be noted 
that later observers have definitely discovered a difference between 
the results of autogamy and geitonogamy, Gilley and Fruwirtli 
found that in Brassica Napus, the length and weight of the fruits as 
also the total weight of the seeds in a single fruit were less in the 
case of autogamy than in geitonogamy* With Sinapis alba a better 
crop of seeds was obtained after geitonogamy, and in the Sugar Beet 
the average weight of a fruit in the case of a self-fertilised plant was 
0^009 gi\, from geitonogamy 0^012 gr*, and on cross-fertilisation 
O'Oia gi\ 

On the whole, however, the results of geitonogamy show that the 
favourable eflecta of cross-fertilisation do not depend simply on the 
fact that the pollen of one flower is convoyed to the stigma of another. 
But the plants which are crossed must in some way be different* If 
plants of Ipomoea purpurea (and Minmlus luteus) which have been 
self-fertilised for seven generations and grown under the same con- 
ditions of cultivation are crossed together, the ifiants so crossed 
would not be superior to the self-fertilised ; on the other hand 
crossing with a fresh stock at once proves very advantageous* The 
favourable effect of crossing is only apparent, thei'efore, if the parent 
plants are grown under different conditions or if they belong to 

^ Simila-rly crossing in the case of f Lowers of Pelargoninm zonale^ which belong to plants 
raised from cuttinj^s from the same parent^ shows no superiority over self-fertilisatLon* 

^ Cross ami Self fertilisation (1st edit), p- 444. 
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different varieties. is really wonderfol what an effect pollen 
from a distinct seedling plant, which has been exposed to different 
conditions of life, has on the offspring in comparison with pollen from 
the same flower or from a distinct individual, but which has been long 
subjected to the same conditions. The subject bears on the very 
principle of life, which seems almost to require changes in the 
conditions 

The fertility — measured by the number or weight of the seeds 
produced by an equal number of plants — noticed under different 
conditions of fertilisation may be quoted in illustration. 





On crossing 
with a fresh 
stock 


On crossing 
plants of the 
same stock 


On self- 
fertilisation 


Mimulus luteue 

(first and ninth generation) 


100 


4 


3 


Eschsi^oUta caUfornica 
(second generation) 


100 


45 


40 


IHanthus oaryophyllu^ 

(third and fourth generation) 


100 


45 


33 


Petunia uwlacea 


100 


54 


46 



Crossing under very similar conditions show^s, therefore, that the 
difference between the sexual cells is smaller and thus the result of 
crossing is only slightly superior to that given by self-fertilisation. Is, 
then, the favourable result of crossing with a foreign stock to be 
attributed to the fact that this belongs to another systematic entity or 
to the fret that the plants, though belonging to the same entity were 
cx|josed to different conditions? This is a point on which further 
researches must be taken into account, especially since the analysis 
of the systematic entities has been much more thorough than 
formerly I We kno w that most of Linnaeus's species are compound 
species, frequently consisting of a very large number of smaller or 
elementary species formerly included under the comprehensive term 
varieties. Hybridisation has in most cases aflected our garden and 
cultivated plants so that they do not represent pure species but a 
mixture of species. 

But this consideration has no essential bearing on Darwdn's point 
of view, according to which the nature of the sexual cells is in- 

1 More Letters i Yol. ii. p. 406. 

^ In the of garden plant a j aa Darwin to a large extent claimedj it is not easy to 
Bay whether two individuals really belong to the samo variety, as they are usually of hybrid 
origin. In some instances (Petunia, Iberis) the fresh stock employed by Darwin poseessed 
flowers differing In colour from those of the plant crossed, with it. 
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fiuenced by external conditions* Even individuals growing close to 
one another are only apparently exposed to identical conditions. 
Their sexual cells may therefore be differently influenced and thus 
give favourable results on crossingj as 'Hhe beneflts which so 
generally follow from a cross between two plants apparently depend 
on the tw^o differing somewhat in constitution or character." As a 
matter of fact we arc familiar with a large number of cases in w^hich 
the condition of the reproductive organs is influenced by external con- 
ditions* Darwdn has himself demonstrated this for self-sterile plants, 
that is plants in which self-fertilisation produces no result. This 
self-sterility is affected by climatic conditions : thus in Brazil 
Esehscholzia ealifomiea is absolutely sterile to the pollen of its own 
flowers; the descendants of Brazilian plants in Darwin's cultures 
were partiaUj self-fertile in one generation and in a second genera- 
tion still more so. If one has any doubt in this case whether it is 
a question of the condition of the style and stigma, which possibly 
prevents the entrance of the pollen-tube or even its development, 
rather than that of the actual sexual cells, in other cases there 
is no doubt that an influence is exerted on tlie latter. 

Janczewsld^ has recently shown that species of Ribes cultivated 
under unnatural conditions frequently produce a mixed (i.c. partly 
useless) or completely sterile pollen, precisely as happens with 
hybrids. There are, therefore, substantial reasons for the conclusion 
that conditions of life exert an influence on the sexual cells. “ Thus 
the proposition that the beneflt fi*oin cross-fertilisation depends on 
the plants which ai*e crossed having been subjected during pre^dous 
generations to somewhat different conditions, or to their having 
varied from some unknown cause as if they had been thus sub- 
jected, is securely fortified on all sidesl"' 

We thus obtain an insight into the significance of sexuality* If an 
occasional and slight alteration in the conditions under which plants 
and animals live is beneficiaP, crossing between organisms which 
have been exposed to different conditions becomes still more ad- 
vantageous. The entire constitution is in this way influenced from 
the beginning, at a time w^hen the wdiole organisation is in a highly 
plastic state. The total life- energy, so to speak, is increased, a gain 
which is not produced by asexual reproduction or by the union of 
sexual cells of plants which liave lived under the same or only 
slightly different conditions. All the wonderful arrangements for 

^ -luuczewKki, ^*Sur lea arithfires atfiriles des Groscillit^rB,” JhilL de Vacad, des sden^eA 
de iTmiej 1908* 

^ Cross and Self fertilisation edit*), p, 444- 

® IteaaonB for tliia are given by Darwin iu Variation under Bomestimtion (2nd edit*), 
Vql. ij. p. 127* 

D* 27 
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crosS’fertUisation now appear to be iiBefiil adaptations* Darwin wasj 
however^ far from giving undue prominence to this point of view, 
though this has been to some extent done by others. He particularly 
emphasised the following consideration But we should always 
keep in mind that two somewhat opposed ends have to be gained ; 
the first and more important one being the production of seeds by 
any nieanSj and the second^ cross-fertilisation^'" Just as in some 
orchids and cleistogamic flowers self-pollination regularly occurs, 
so it may also occur in other cases. Darwin showed that Pismn 
sativum and LafJiyirm odoratus belong to plants in which self- 
pollination is regularly effected, and that this accounts for the 
constancy of certain sorts of tliese plants, while a yariety of form 
is produced by crossing. Indeed among his culture plants were 
some which derived no benefit from crossing. Thus in the sixth 
self-fertilised generation of his Ipomoea cultures the Hero ” made 
its appeaiBnce, a form slightly exceeding its crossed companion in 
height ; this w^as in the highest degree self-fertile and handed on its 
characteristics to both children and grandchildren. Similar forms 
w^ere found in Mimmlm lutem and Nicotiana^, types which, after 
self-fertilisation, have an enhanced power of seed-production and of 
attaining a greater height than the plaute of the corresponding 
generation which are crossed together and self-fertiHsed and grown 
under the same conditions. ^^Some observations made on other 
plants lead me to suspect that self-fertilisation is in some respects 
beneficial; although the benefit thus derived is as a rule very small 
compared with that from a cross with a distinct plants” We are as 
ignorant of the reason why plants behave differently when crossed 
and self-fertilised as we are in regard to the nature of the diflerentia- 
tion of the sexual cells, which determines whether a union of the 
sexual cells will prove favourable or unfavourable* 

It is impossible to discuss the different results of cross-fertilisa- 
tion; one point must, however, be emphasised, because Darwin 
attached considemble importance to it. It is inevitable that polleu 
of different kinds must reach the stigma. It was known that pollen 
of the same “ species ” is dominant over the pollen of another species, 
that, in other words, it is prepotent. Even if the pollen of the same 

1 CtoE& Q^nd Hdrf fuTtiUsation pat edit.), p. 371. 

^ In Puum sativum also the croRainf? of two individualK of the same variety produced 
330 advantage ; Darwin attributed this to the fact that the plants had for several generations 
been self- fertilised and In each generation cultivated UDder almost the same conditions. 
Taehermak (“Ueber kiinstliehe Kreussung an Pimm afterwards recorded the 

same reRnlt; but he found on crossing different varieties that usually there was no 
superiority as regards height over the products of self- fertilisation, while Darwin found 
a greater height represented by the ratios 100 : 75 and 100 ; 60. 

^ a rad fertilisation, p. S50. 
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si>ecies reaches the stigma rather later than that of another species, 
the latter does not eflect fertilisatioiL 

Darwin showed that the tertilising power of the pollen of another 
variety or of another individual is greater than that of the plant's 
owm pollen ^ This has been demonstrated in the case of Mhnulm 
luteiis (for the fixed white-fioweriiig variety) and Iberis v^mbellata 
with pollen of another variety, and observations on cultivated 
plants, such as cabbage, horseradish, etc. gave similar results. It is, 
however, especially remarkable that pollen of another individual of 
the same variety may be prepotent over the plant's own pollen. This 
results from the superiority of plants crossed in this manner over 
self-fertilised plants. “ Scarcely any result from my experiments has 
surprised me so much as this of the prepotency of pollen from a 
distinct individual over each plant's own pollen, as proved by the 
greater constitutional vigour of the crossed seedlings^.'' Similarly, 
in self-fertile plants the flowers of which have not been deprived 
of the male organs, pollen brought to tlie stigma by the wind or by 
insects from another plant effects fertilisation, even if the plant's own 
pollen has reached the stigma somewhat earlier. 

^ Have the results of his experimental investigations modified the 
point of view from which Darwin entered on his researches, or not ? 
In the first place the question is, whether or not the opinion ex- 
pressed in the Orchid book that there is “Something injurious'' 
connected with self“tertiIisatioii, has been confirmed. Wo can, at 
all events, affirm that Darwin adhered in essentials to his original 
position ; but self-fertilisation afterwards assumed a gi^eater im- 
portance than it formerly possessed. Darwin emphasised the fact 
that “the difference between the self-fertilised and crossed plants 
raised by me cannot be attributed to the superiority of the crossed, 
but to the inferiority of the self-fertilised seedlings, due to the 
injurious effects of self-fertilisation But he had no doubt that in 
favourable circumstances self-fertilised plants were able to persist 
for several generations without crossing. An occasional crossing 
appears to be useful but not indispensable in all cases ; its sporadic 
occurrence in plants in which self-pollination habitually occurs is 
not excluded. Self-fertilisation is for the most part relatively and 
not absolutely injurious and always better than no fertilisation. 

!I^ature abhors perpetual self-fertilisatioiri " is, howrever, a pregnant 

1 Cross and Self fertUisat ion, p. 801. “ Ibid, p. 807, ^ Ibid. p. 437. 

* It is inconecl: to say. as a writer lias lately said, that the aphorism espi'essed bv 
Darwin in 1859 md 1862, Nature abhors perpetual a elf -fertilisation,” is not repeated in 
his later works. Tlie seuteneu is repeated in Cross and Self fertilimlion {p, 8), with the 
addition, '*If the word perpetual had been omitted, the aphorism would have been false. 
As it stands, I believe that it ia true, though perhaps rather too strongly expressed.” 

27—2 
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oxiireHMioii of the fact that cross-fertilisation in exceedingly wiilo^ 
H|ireH4l and iiaa l>eon shown in the majority of ciiaes to l>e l^eiiuflcialp 
and that in ihose plantB in which we find Belf-|K>ll]iiaiioii regularly 
(HX.'urritig croH»-|Millinatioii may occasionally take pliiee. 

An attempt has been made to express in brief Uie iiuiin resulla 
of Ihirwiii'ii work on the biology of flowera* We liave seen that hia 
objec't was to elucidate important general f|ueuti4>iiHp jmrtieiilarly the 
question of the sigiiificance of sexual reproduction. 

It refuaiiui to consider what influence his work lias limi on 
botanical science. That this influence has been very eoiisidemblcv 
is sliown by a glance at the literature on the biohigy of flowers 
published since Darwin wrote. Before the bunk on orcliiiU was 
imbitshed there was nothing but the old and almost forgotten works 
of Ktilreuter and Sprengel with the exception of a few scattered 
references, Darwin s iiirestigationd gave the first stiiiiuliis to the 
development of an extensile literature on flora) biology. In Kiiiitirs 
HmuibHeh Her Bliiltiibiohgie {Hmidbmk of Flmrtr /W/i#i#ifioM, 
Ox font, IQOfl) as many as 3792 papers on this subject are emiiiieraied 
as having tieeii piildiMhcd before Januar)' 1, HUM, Thet«e <lescrilie not 
only the ditfereni meclianisms of flowers, but deal also with a Heries of 
remarkable adat>ta lions in the pollinating insects. As a fertiliKing min 
quickly calls into existence the most varied assortment of plants on a 
barren Hteppe^ so activity now reigns in a field which men forniorly left 
(leserteil. Tliis development of the biology of ttnw'ers is of iin|HM'tanee 
not only on theoretical grounds but also from a jmictiail iioiiit of view* 
The miional lireeding of plants is pc^ible only if the flower bioli>gy of 
the plants in <|iiestion (ie. the question of the {KisHibility of self- 
IxdliuHtioii, self-sterility^ etc.) is accurately kiiowtu And it is also 
esHctilial for plant-breeders that they should have |K)wer of 

fixing each fleeting variety of colour, if Uicy will fertilise the flowers 
of tlic dosireil kiml with their own pollen for lialf-a-dtixeti genera- 
tioim, atul grow the seedlings under the same cotidiUoiisV' 

But the influence of Darwin on floral btolog}' was not confined 
to the develotJtncnt of this branch of Botany, Darwin s activity in 
ihb dotnatii has brought about (as Asa Gray correctly |miiited oui\ 
the revival of teleology in Botany and Zoology, Attempts were 
now maile to determine, not only in the case of flowers but also in 
vegetative organs, in what relation the form and function i»f organs 
stand to one another and to what extent their nmqdiologtcal 
characters exhibit adaptation to environment A branch of Ikjtany, 
which hiis since Ijeeii called Ecology (not a very hapiy tenii) has 
lieeii sliiiitdated to vigorous growth by floral biology. 

^ Seif fertiliiatioH (Ut edit.}, p, 4d0. 
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While the influence of the work on the biology of flowers was 
extraordinarily greats it could not fail to elicit opinions at variance 
with Darwin's conclusions. The opposition was based partly on 
reasons vabieless as counter arguments^ partly on problems which 
have still to be solved ; to some extent also on that tendency against 
teleological conceptions which lias recently become current. This 
opposing trend of thought is due to the fact that many biologists 
are content with teleological explanations, unsupported by proof; 
it is also closely connected with the fact that many authoi^ estimate 
the importance of natural selection less highly than Darwin did. 
We may describe the objections which are based on the wide- 
spread occurrence of self-fertilisation and geitonogamy as of little 
importance. Darwin did not deny the occurrence of self-fertilisation, 
even for a long series of generations ; his law- states only that 
Nature abhors perpetual self-fertilisation An exception to this 
rule would therefore occur only in the case of plants in which the 
possibility of cross-pollination is excluded. Some of the plants with 
cleistogajnous flowers might afford examples of such ca^es. We have 
already seen, hoivever, that such a case has not as yet been shown to 
occur. Bnrck believed that he had found an inatance in certain 
tropical plaiits (Anonaceae, Myrmecodia) of the complete exclusion 
of cross-fertilisation. The flow^ers of these plants, in which, however, 
—in contrast to the cleistogamous flowers~the corolla is well 
developed, remain closed and fruit is produced 

Locw^ has shown that cases occur in which cross-fertilisation 
may be effected even in these cleistopetalous flowers : humming 
birds visit the permanently closed flowers of certain species of 
Nidiilariiim and transport the pollen. The tact that the formation 
of hybrids may occur as the result of this shows that pollination may 
be accomplished. 

The existence of plants for which self-pollination is of greater 
importance than it is for others is by no means contradictory to 
Darwin's view. Self-fertilisation is, for example, of greater im- 
portance for annuals than for perennials as without it seeds might 
fail to be produced. Even in the case of annual plants udth small 
inconspicuous flowers in which self-fertilisation usually occurs, such 
as Sene4!^io vidgarUy Ca/psella htirsa-pmtoris and Stellaria msdia, 
A. Bateson^ found that cross-fertilisatian gave a beneficial result, 

^ It is impossible (as has b«en attempted) to express Darrin’s point of view in a single 
sentence, sucli as H. Miillor^s statement of the Ki>ight-Darwin The conditions of 

life in organisms are so various and complex tiiat laws, sueh as are formulated in physics 
and chemistry, can hardly be conceived. 

2 B. Loew, * ‘ Bemerkungen su Burek,,*,” Biolog. CentralhL xxvi. (190(>). 

^ Anna Bateson, “ The e&ects of cross-fertilisation on inconspicuous flowers,” of 

Bofrtnp, VoL I. 1888, p. 255, 
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although only in a slight degree. If the fayourable effects of sexual 
reproduction, according to Darwin's view, are correlated with change 
of environment, it is quite pcjssible that this is of less importance in 
plants which die after ripening their seeds (“hapaxanthic"') and 
which in any case constantly change their situation. Objections which 
are based on the proof of the prevalence of selMertilisation are 
not, therefore, pertinent. At first sight another point of view, which 
has been more recently urged, appears to have more weight 

W, Burck^ has expressed the opinion that the beneficial results 
of cross-fertilisation demonstrated by Darwin concern only liybrid 
plants. These alone become weaker by self-pollination ; while pure 
species derive no advantage from crossing and no disadvantage from 
self-fertilisation. It is certain that some of the plants used by 
Darwdn were of hybrid origi!i^. This is evident from his statements, 
w^hich are models of clearness and precision ; he says that bis Ipoinoea 
plants “ were probably the offspring of a cross^.” The fixed forms of 
this plant, such as Hero, which was produced by self-fertilisation, and 
a form of Mimulus with white flowei-s spotted with red probably 
resulted from splitting of the hybrids. It is true that the phenomena 
observed in seif pollination, e,g. in Ipomoea, agree with those which 
are often noticed in hybrids ; Darwdn himself drew attention to this, 
Let us next call to mind some of the peculiarities connected with 
hybridisation. We know that hybrids are often characterised by 
their large size, rapidity of growth, earlier production of Howlers, 
wealth of flower-production and a longer life ; hybrids, if crossed 
with one of the two parent forms, are usually more fertile than 
w^hen they are crossed together or with another hybrid. But the 
characters which hybrids exhibit on self-feriilisation are rather 
variable. The following instance may be quoted from Gartner : 
“There are many hybrids which retain the self-fertility of the 
first generation during the second and later generations, but very 
often in a less degree ; a considerable numlier, however, become 
sterile,'" But the hybrid varieties may be more fertile in the 
second generation than in the first, and in some hybrids the fertility 
with their own pollen increases in the second, third, and following 
generations^. As yet it is impossible to lay down rules of general 
application for the self-fertility of hybrids. That the beneficial in- 
fluence of crossing with a fresh stock rests on the same ground — a 
union of sexual cells possessing somewhat difterent charactei^ — as 
the fact that many hybrids are distinguished by greater luxuriance, 

1 Bmck, ^‘Darwin’s Kreuatmgsgesetz.../* BioL CentrulhL I90S. p. 177- 

^ It is questionable if this was always the ease, 

^ Cro&s and Self fertiluation (1st edit.), p. 55. 

K. F. GMtnerj Vermeke ilher Baatard^rzea^gung^ Stuttgart, 1849, p. 149- 



(c) The Complete Work of Charles Darwin Online 



Gleistogamoiis Flotvern 423 

wealth of flowers, eta corresponds entirely with Darwin’s con- 
clDsiotis. It seems to me to follow clearly from his iiivestigationH 
that there is no essential difference between cross-fertilisation and 
hybridisatiun. TIic heterostyled plants are iionnally dejiendeiit on 
a pnxjese coirespondiiig to hybridisation* The view that specifically 
distinct species could at best produce sterile hybrids was always 
op]K>sed by Darwin* But if the gooil results of crossing were «- 
cimivtly dependent on the feet that we arc concerned with hybrids, 
there must then be a demonstratioti of two cUetitict things. First, 
that crossing with a fresh stock beloiigiiig to the mme systematic 
entity or to the same hybrid, but cultivated for a considerable time 
under different conditions, shows no superiority over self-fertiliaatioii, 
and that in pure species crossing gives no better results than self- 
pollination* If this were the case, we should be better able to 
understand why in one plant crossing is advantageous while in 
others, such as Darwin’s Hero and the forms of Mimulus and 
Nicotiana no advantage is gained ; these would then be pure species* 
But such a proof has not been siipplie<l ; the inference limwii from 
cleistogamons and cleistopetalous plants is not supiKjrtcd by evi- 
dence, ami the experiments on geitonogaiiiy and on the advantage 
of croes-fci'tilisafcion in species which are usually self-fertilised are 
ojiposed to this view* Tliere are still but few researches on this 
point ; Darwin found that in Ommii which produces 

cleistogamons as well as self-fertile chasmogamous flowers, the 
crossed and self-fertilised cai>8ules prtKluced seed in tlie prtjportioii 
of 100:05 and that the average bore the proportion 10U ;H(L llie 
facts mentioned on page 415 are also ap|Jicable to this case* 
Further, it is certain that the self-steriUty exhibited by many platife 
has nothing to do with hybridiBation* Between self-sterility and 
reduced fertility as the result of self-fert]l]sati(jti there is probably 
no fundamenta] differ eiiea 

It is certain that so difficult a problem as that of the siguificatice 
of sexual reproduction requires much more iiivei^tigation. Darwin 
w-as anything but dogmatic and always ready to alter ati opinion 
w'hcii it w*as not based on definite proof : he wrote, ** But tlie veil 
of secrecy is as yet far from lifted ; nor will it be, until we can say 
why it is beneficial that the sexual elements should be dittereiitiatcd 
to a certain extent, and why, if the differentiatifiii be carried still 
further, injury foUows,” He has also shown us the way along 
which to follow' up this problem ; it is that of carefully planned 
and exact experimental researck It may be that eventually iiiaiiy 
things will be viewed in a diftereiit light, but Darwin's invest!- 
gutions will always form the foundation of Horal Biology on which 
the future may continue to build. 
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MENTAL FACTORS IN EVOLUTION 

By C. Lloyd Morgan, LLU, F.RS, 

In developing his conception of organic evolntion Charles Darwin 
was of necessity brought into contact with some of the problems of 
mental evolution. In The Ori^m of Spemm he devoted a chapter 
to^ the diversities of instinct and of the other mental faculties in 
animals of the same class When he passed to the detailed con- 
sideration of TJm Dmeent of it was part of his object to show 
that there is no fundamental difference between man and the higher 
mammals in their mental faculties^,” “ If no organic being excepting 
man, he said, “ had possessed an j mental power, or if his powers had 
been of a wholly different nature from those of the lower animals, 
then we should never have been able to convince oui^selves that our 
high faculties had been gradually developed*/' In his discussion of 
Expremion of the Emotions it was important for his purpose 
^ fully to recognise that actions readily iDecome associated >vith other 
actions and with various states of the mind^” His hypothesis of 
sexual selection is largely dependent upon the exercise of choice on 
the part of the female and her preference for ^^not only the more 
attractive but at the same time the more vigorous and victorious 
malesA Mental processes and physiological processes were for 
Darwin closely correlated ; and he accepted the conclusion “ that 
the nervous system not only regi^ates most of the existing functions 
of the bodjy but lias indirectly influenced the progressive develop- 
ment of various bodily structures and of certain mental qualities®/' 
Throughout liis treatment, mental evolution was for Darwin in- 
cidental to and contributory to organic evolution. For specialised 
research in compai’ative and genetic psychology, as an independent 
^ investigation, he had neither the time nor the requisite 
training. None the less his wiitings and the spirit of his work have 

1 OHgin of (6th edit.), p, 205, 

I 1088), VoL r, p. 09 j Popular edit, p. 99. ^ 9g_ 

The Ey^premon of the EjiioU<ms (2nd edit.}, p, 32, 

® Descent of Vol. ir. p. 435, e pp, 437^ 43g^ 
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exercised a profound influence on this department of evolutionary 
thought. And, for those who follow Darwin's lead, mental evolution 
is still in a measure subservient to organic evolution. Mental pro- 
cesses are the accompaniments or concomitants of the ftinctional 
activity of specially diiterentiated parts of the organism. They are 
in some way dependent on physiological and physical conditions. 
But though they are not physical in their nature, and though it is 
difficult or impossible to conceive that they are physical in their 
origin, they are, for Darwin and his follow^ers, ffictors in the evolu- 
tionary process in its physical or organic aspect* By the physiologist 
within his special and well-defined universe of discourse they may be 
properly regarded as epipheiiomena ; but by the naturalist in his 
more catholic survey of nature they camiot be so regarded, and were 
not so regarded by Darwin, Intelligence has contributed to evolution 
of which it is in a sense a product* • 

The facts of observation or of inference which Darwin accepted 
are these : Conscious experience accompanies some of the modes 
of animal behaviour ; it is concomitant with certain physiological 
processes ; these processes are the outcome of development in 
the individiial and evolution in the race ; the accompanying mental 
processes undergo a like development* Into the subtle philosophical 
questions which arise out of the naive acceptance of such a creed 
it was not Dai'win's province to enter ; “ I have nothing to do," 
he said^, “with the origin of the mental powers, any more than 
I have with that of life itself,” He dealt wdth the natural history 
of organisms, including not only their structure but their modes of 
behaviour; with the natural history of the states of consciousness 
which accompany some of their actions ; and with the relation of 
behaviour to experience* We will endeavour to follow Darwin in 
his modesty and candour in making no pretence to give ultimate 
explanations* But w^e must note one of the implications of this self- 
denying ordinance of science. Development and evolution imply 
continuity* For Darwin and his followers tlie continuity is organic 
through physical heredity. Apart from speculative hyj>othesis, 
legitimate enough in its proper place but here out of court, we 
know nothing of continuity of mental evolution as such : conscious- 
ness appears afresh in each succeeding generation. Hence it is that 
for those who follow Darivin's lead, mental evolution is and must 
ever be, within his universe of discourse, subservient to organic 
evolution. Only in so fer as conscious experience, or its neural 
correlate, effects some changes in organic structure can it influence 
the course of heredity ; and conversely only in so far as clianges 
in organic structure are transmitted through heredity, is mental 

^ Origin of (Gth p* 205, 
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evolution rendered possible. Such is the logical outcome of Darwin’s 
teaching. 

Tliose who abide by the cardinal results of this teacliing are 
bound to regard all behaviour as the expression of the functional 
activities of the living tissues of the organism, and all conscious 
experience as correlated with such activities. For the purposes of 
scientific treatment, mental processes are one mode of expression of 
the same changes of whicli the physiological processes accompanying 
behaviour are another mode of expression. This is simply accepted as 
a fact ivhich others may seek to explain. Tlie behaviour itself is the 
adaptive application of the energies of the organism ; it is called 
forth by some form of presentation or stimulation brought to bear 
on the organism by the environment. This presentation is always 
an individual or personal matter. But in order that the organism 
may be fitted to respond to the presentation of the environment it 
must have imdergone in some way a suitable preparation. According 
to the theory of evolution this prcijaration is primarily racial and is 
transmitted through heredity. Darwin’s main thesis was that the 
method of pi*eparation is predominantly by natural selection. Sub- 
ordinate to racial preparation, and always dependent thereon, is 
individual or personal preimration through some kind of acMpiisitioii ; 
of which the guidance of behaviour through individually won ex- 
perience is a typical example. We here introduce the mental factor 
because the facts seem to justify tlic inference. Thus there are some 
modes of behaviour which are wholly and solely dejicndent upon 
inherited i^acial preparation ; there are other modes of behaviour 
which are also dependent, in part at least, on individual preparation. 
In the former case the behaviour is adaptive on the first occurrence 
of the apprujiriate presentation ; in the latter case accommodation 
to circumstances is only reached after a greater or less amount of 
acquired organic modification of structure, often accompanied (as 
we assume) in the higher animals by acquired experience. Logically 
and biologically the two classes of behaviour are clearly distiiigaish- 
able : but the analysis of complex cases of behaviour where the tw^o 
factors cooperate, is difficult and requires careful and critical study 
of life-histor}". 

Tlie foundations of the mental life are laid in the conscious 
experience that accompanies those modes of behaviour, dependent 
entirely on racial preparation, Avhich may broadly be desciibed as 
instinctive. In the eighth chapter of The Origin of Darwdn 

says^, “I will not attempt any definition of instinct,... Every one 
understands what is meant, when it is said that instinct impels the 
cuckoo to migrate and to lay her eggs in other birds^ nests. An 

^ Oriijin of Species (6th edit.)j p. 205. 
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action, which we ourselves require experience to enable us to per- 
form, when performed by an animal, more especially by a very young 
one, without experience, and when performed by many individuals 
in the same way, without their knowing for what purpose it is 
performed, is usually said to be instinctive,” And in the summary 
at the close of the chapter he says^, liave endeavoured briefly to 
show that the mental qualities of our domestic animals vary, and 
that the variations are inherited. Still more briefly I have attempted 
to show that instincts vary slightly in a state of natura No one will 
dispute that instincts are of the highest importance to each animal, 
Tlierefore there is no real difficulty, under changing conditions of life, 
in natuml seleetioji accumulating to any extent slight modifications 
of instinct which are in any way useful. In many cases habit or use 
and disuse have probably come into play/' 

Into the details of Darwin’s treatment there is neither space nor 
need to enter. There are some ambiguons passages ; but it may be 
said that for him, as for his followers to-day, instinctive behaviour is 
wholly the result of lucial preparation transmitted through organic 
hereffity. For the performance of the instinctive act no individual 
preparation under the guidance of personal experience is necessary. 
It is true that Darwin quotes with approval Huber's saying that 
a little dose of judgment or reason often conies into play, even with 
animals low in the scale of nature^,"' But ^vc may fairly interpret his 
meaning to be that in behaviour, which is commonly called instinctive, 
some element of intelligent guidance is often combined. If this bo 
conceded the strictly instinctive performance (or part of the per- 
formance) is the outcome of heredity and due to the direct trans- 
mission of parental or ancestral aptitudes. Hence the instinctive 
response as such depends entirely on how" the nervous mechanism 
has been built up through heredity ; while intelligent behaviour, or 
the intelligent factoi^ in behaviour, depends also on how the nervous 
mechanism has been modified and moulded by use during its develop- 
ment and concurrently with the growth of individual experience in 
the customary situations of daily life. Of course it is essential to 
the Darwinian thesis that what Sir E, Hay Lankester has termed 
“educability,” not less than instinct, is here<litary. But it is also 
essential to the understanding of this thesis that the ditterentiae of 
the hereditary fiictors should be clearly grasped. 

For Darwin there were two modes of nicial preparation, (1) natural 
selection, and (2) the establishment of individually acquired habit 
He showed that instiiiciis are subject to hereditary variation ; he saw 
that instincts are also subject to modification through acquisition in 
the course of individual life. He believed that not only the variations 

^ Origin of Species (6th edit,), p, 233, Ihid^ p, 205, 
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lint tilHo, til Mimin iixkiut, tlie iiuKlifications are iiiUeilto<l lie thirn^ 
fore lielil lliiil puiiiie ItnttliielH (the greater Dumber) are due In tiHiiinil 
•M?li«etloii blit tlml tithem (lorn luimeroud) are due, «>r (nirlly diit\ to 
the liiheribitM't^ of aa|uire«l habitiL The latter ttirolre liunarcktaii 
liiberitaiM^ which of kle jeafH baa been the centre of mi tmirh 
contfovcmT. It in miCeworthj howerer that Darwin lakl eeperial 
emtihaik on the Hn that man j of the most trpical and ah» the awjiit 
maplrx iti^iinrU ti»mc of neater insects— do wai adait of each an 
hitcr|a-rtation. " I am •arpriaeiL" he say»\ ^ that no om hm hitherto 
admamt Ihta dctmamlrmUre caae of neater iaaecia aipinal the well 
ktwfwn ductitor of iaheritod habit, as adiaaoed hj I amarrk ** Xom 
the hM Harwta adautted thii doctrine m mpfiemmtmrj to that 
which waa moiw dkliaetirriT hai own — tor naiafio la the cm* of 
the inathirUi of diMwitratnfl antinah StilL erea in aarh caoea, ** it 
amj he doaliled.’* he my\ " whether any one woald hare thoagfat 
of training a «lug to point, had not some one dog nalnrmll? diuwa 
a trtalrfirr in thk line ao that fambh and mme degree of aderlitia 
hare |indalil}r cuticurred in cirilidBg by inheritaiMw tnir dnga’ 
Util Iti Ihe itiier]»feUtiim of the iustiiiets of donKwIkatofl aiilmaK 
a tiiiin* niiKgi*at4d hyjiolheak that of organic aelfH^tlon*, may 

U* liH|ibil AiH'iinliiig to UiM byiKvthesk any iiitelligi'iit iiKKlIllnttioii 
of iH^liiiviuiir wlildi In MiibjiHii to welectiou is prolmbly iMiliiddeiit in 
din^nMuii wiili lui iiilioritod toiidonay to behave in UiIh hiHlilmi, lletUHi 
In Miuili bdmvlmir there are two factors: (1) mi Indploiit vartiilloii 
111 I lie line of midi iadiiivhiiirp utid (2) ao acquired rniNUllmtloii liy 
wliirh the Udiiivloiir U ntrrie^l further along the ratine Hue. Tiider 
imtiiral neliH'lloii thtam iirgatiliaiui in which the two factom co<i|M*nite 
are likely to «uirrire, Tmier artificial selection they are ik*til>enitel> 
choacn iitit from aomog the reel. 

<hr|pMik aetecthm has been termed a coro pi o miae between the 
amre Mirilr Harwinkii and the LAmafddan prtodplee of iator- 
twelniion. But it m nut in any sewe a comp ro m iacu Iho p rin ciple 
of intorpretothm *4 that which la m^tincdre and hereditary ia whidly 
Darwhyaa. It la tmr that wane of the &eta of edm erra lkm relied 
a|a>ci by Inmarrhian» arr htrodnoed. For La marc Ha na howerer the 
mwlahratkeia which are admittedly bctors in AtnirmL are regarded 
ae the parmU fd biheritod rariations; for beBerera in urge a ir 
aelectkio they aiw ncily the foelcr-parents or nnnea It la heennae 
ofganir aetertlofi la the dfawei outcome of and a natural estenehMi of 
Darwin a mirHoal theaia that aome reference to it here la jnelillaMa. 
The nMttor may lie jwit with the utmost brerity aa fidkiwa ( 1 ) Varia 

I of Spmim (till adit), p. lit, * IM. ppk. ilO, fib 

1 ln4W|i9iidr*ultj on oonwwiint different Hd« 0 , hj Frofe, I, Unrli lUldaln, 

llmiry K. Oiboiii and Um wHi<*r, 
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tiniiH (V) nceur, Home of which arc in tlie dircclioii of IncmuaMl 
a<IapUitinii (+X <itherH in the direction of decreiiHOil mlaptath»ii (— ). 
(a) Ac5f[iiirc<l modiflcatiofia (M) also occur. Home of thme are in the 
direclioti of increased accommodation to circuiiiHtaiicc^ (+X while 
othem are in the dlFeetion of diminished accoiiitutMlatioii Four 

mj^jor eomtiimtioiis are 



Of these (<f) mtuit ineTitably be eliminated while are mdected 
The predomttiani surriTal of (a) entaik the sunriral <if the arlaptiwe 
▼arialioiMi which are inbenteiL The contribatory aor|uiiiilioiai (+ M) 
are not inherited ; but they are none the lem lactam in detcmiitiinit 
the surTiral of the coincident fartatiotia It is surely atiutMtatiUy 
ckmr that this is Darwinism and has no tincture of ljunarck*s ewietitia] 
principle, the inheritance of acquired eharactera 

Whether Darwin himself would hare acceptenl this iiiU'r(irelatioii 
of iM»me at least of the eTidence put forward by Ijuniin'kiatiM is 
unfcirtiniHtely a matter of conjecture. Tlie Ikct rtuitaiim Ihat in his 
inU'rpretation of ifiHtiiict and in allied questiotiH he niM.Tpt4^d the 
iiilierlUitiee of individually acquired modifications of ladiavioiir and 
Htrnctiire, 

Darwin was chieliy concerned with instinct from tlio hlo](»gicu1 
mther thiin from the j^ychological point of view. Iiidecil it iimst lie 
confessed ilmt, from tlie latter standpoint, his conception uf Instinct 
lis II ^^inental faculty" which an animal to the [R^rfortiiatice 

of C 3 ertaiii actions, ecareely a^ords a satisfactory Imsis for geiietic 
trt^atiiieiit To t^rry out the spirit of Darwin s teaching it is iitH'es- 
sary Ut link more closely biolc^od and psychoUigical evolution. The 
first step towards this is to interpret the |jhenofneiia of instinctive 
U^havioiir in terms of stimutadon and respmise. It may be well to 
take a particrular case: Hwimming on the part of a duekliiig is, fhmi 
the Uohigical point of riew, a typical example of iiistancUve be- 
havifHir. lleutly lower a recently hatched bird into water; ooi>rdiiuited 
HM»venietilB of the limbs follow in rfaythmkml aequetica The liebavitHir 
is new ti» the imlividiial thougii it Is no doubt dcsiely relat43d to that 
of walking, whierh is no leas instinctive. There is a gn»itp of stimuli 
afforded by the ^ prcsentatk>n” wiiiefa results friwu fiartial immersion: 
upon tliis there follows as a complex response an application of 
the functional activities in swimming; the se<|tience of ailaiittve 
application on the appropriate pFcscntatioii is detentiitiecl by racial 
prefxinitioii. We know, it is true, but little of the physiologiciil 
details of what takes place in the central nervous sysU*iti; Imt in 
broad outline the nature of the organic niechaniHiii and the iiiamier 



(a) +Vwith-i-M, 
(A) +Vwith-M, 



(c) — V with -f M, 
(rf) -Vwith-M. 
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oi ItM hiiiriloiiliiK limy 111 leant he proyisioniilly cm^ectiired In the 
lirew'iit ntate of |iliyi 4 ioli»gietil knowledge. Hinularly hi llie tnine of 
the iNTkliig Ilf newly luitcheil chicks; there is a rimial )irefH'iitaiUm« 
there b pnilialily a t'tM>|»erattiig group ei stimuli fhicn the alliiH^tilary 
tract ill hoimI i»f Iu«mJ, there U an adapdre i^iplkmltmi of Ibe actiritkia 
in a ikflnite ttuMk of behark>cm like date are aifonled [q a great 
aufuber of amm *4 inalim tire prooednre, maeltawe orrurriigt rery 
early in life, m4 deferred imtQ the urganlMm b mtwm 

fully lait all t*f th^ d^iendcnt apoa racial pre|MmtitiiL 

So cimKt there U «>tue rai^gc of rariatioa in the beharijur. jaet lairli 
variatwia 9m the thtMiry of nacvml ^eleetian denuuMla Bat there can 
hr tH» that the higher aaaaala mherii a badSy iMgaiihMliiai 

and a tierttiaa Ifce fiotctioaal vnkmi; rf «Wdl girw riw la 

tlwar Minitod lotHka uf bclaTtoor wUdi are teraed i i»p«tinrtiTa. 

It i« Ui liv im4hJ that Uir tcm ** instinctive " in Iwre mptuTcd in 
tbr Mycrtlrd fiina ft. • ikocriptiTe headhif amler which Mj be 
KriMi|ml iMuiv and wifMtit wodea of bdavioor doe to racial prvjami 
tiutL \Vc ii|nak of Um9w aa inherited; bat in ntrirtiMwa what it 
Iraiiftiiiltlctl ihriHtgli heredity U the complex of aualomUtd iiikI 
pliyiii(iUif(i<'Ml ('tiiidiUona iiiicKt which, in ap[Hv>priate cin'iiniMUuK'iw, 
llin oritniilHin m> Ik'Iihvcm, So far the term “ iiiNtlnclivo ” hat a 
rt'tli’leUMl liioluKlcal citiiiiotatioii iu terms of belmviuiir, lint the 
cnimiM'MiiK Unit lietHcen lilnluKit'<d evolution and [iHyehnlojitleiil evolu- 
tion It |.o 1)0 Moii^hi, as Darwin fully realised, — In the plieuoniena 
of liiMtlnet, hroudly conthlemL The term " iiiHtliietiru" liat alto 
a {NtyeholottleHl connotiitioit. What is that conmttatioii ? 

Ia<t lit take the rate of the swimming duckling or the |W4-king 
rhirk, and fix mir attviitiiMi on the first mstinrttTc jierfoniMiMrt'. 
Draiit that Jiait a* there k ttrictij speaking, no inherited iirhaviour, 
but only the eonditioaa which render such behariour uiMler appro 
priato riw ■— tanriw p n t db l e . to too there is no inherited experience, 
bnt only the cnndttHaw which render sndi expericaKe po—ible; than 
the cerebral eonditiooft fai both caaea arc the wan. The tdoingiral 
behavinnr nmiplrx. iarindiair the total stimaktioa and the total 
reiftawe wHh the tn U r r e n iBg or reanhant lanrrta ia the tmunrlBM. 
it amanpanied by aa experieace-cnaqilex iiwiaililig tbe initial 
■thnalathm-eiutrMNMMfti and reaahing r rnpint r rnn a r iiiawiira In 
the experirnce-ounipirx ate rorapriaed data whkh in pi^d»nh«ii»l 
analytit are frtniptd ander the bendings of oofnition, ajw i ivr tone 
and eonaikm, Hal the mniplcx is probably experienced aa aa 
iiiianalyied wh<4a If then we use tbe term " inatinrtive ” ao aa to 
mui|iri«e all coiigruilal iiHidet of befaarioar which I'otilrilnite to 
oKliericme, we ara in a )Hmitioii to grasp tbe view that the net nwiilt 
in roiiiHdiHiHiitwa ronttitiitie what we may term the priiimry timiie of 
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experience. To the deYelopment of this experience each instinctive 
act contributes. The nature and manner of organisation of this 
primary tissue of experience are dependent on inherited biological 
aptitudes ‘ but they are from the outset onwards subject to secondary 
development dependent on acquired aptitudes. Biological values are 
supplemented by psychological values in terms of satisfaction or the 
reverse. 

In our study of instinct we have to select some particular phase 
of animal behaviour and isolate it so far as is possible from tlie life 
of which it is a part. But the animal is a going concern, restlessly 
active in many ways. Many instinctive performances, as Darwin 
pointed out^, are serial in their nature. But the whole of active life 
is a serial and cooi-dinated business. The particular instinctive 
performance is only an episode in a life-history, and every mode of 
behaviour is more or less closely correlated with other modes. This 
coordination of behaviour is accompanied by a correlation of the 
modes of primary experience. We may classify the iustioctive modes 
of behaviour and their accompanying modes of instinctive experience 
under as many heads as may be convenient for our puiposes of inter- 
pretation, and label them instincts of self-preservation, of pugnacity, 
of acquisition, the reproductive instincts, the parental instincts, and 
so forth. An instinct, in this sense of the term (for example the 
parental instinct), may be described as a specialised part of the 
primary tissue of experience differentiated in relation to some definite 
biological end. Under such an instinct will fall a large number of 
paHicular and often well-defined modes of behaviour, each with its 
own peculiar mode of experience. 

It is no doubt exceedingly difficult as a matter of observatioo and 
of inference securely based thereon to distinguish what is piimary 
from what is in part due to secondary acquisition— a fact which 
Darwin fully appreciated. Animals are educable in different degrees; 
but where they are educable they begin to profit by experience from 
the first. Only, therefore, on the occasion of the first instinctive act 
of a given type can the experience gained be regarded as wholly 
primary ; all subsequent performance is liable to be in some degree, 
sometimes more, sometimes less, modified by the acquired disposition 
which the initial behaviour engenders. But the early stages of 
acquisition are always along the lines predetermined by instinctive 
differentiation. It is the task of comparative psychology to distin- 
guish the primary tissue of experience from its secondary and 
acfiuired modifications. We cannot follow up the matter in further 
detail. It must here suffice to suggest that this conception of instinct 
as a primary form of experience lends itseU' better to natural history 
^ OriQii\ qJ (Gtli edit.), p. 206, 
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treatment than Danviii’s conception of an impelling force, and that 
it is in line with the main trend of Darwin’s thought. 

In a characteristic work, — characteristic in wealth of detail, in 
closeness and fidelity of obserration, in breadth of outlook, in 
candour and modesty, — Darwin dealt with The Es^ression of the 
Emotiom in Man and Aninuds, Sir Charles Bell in his Anatomy 
of Eoopression had contended that many of man’s facial muscles had 
been specially created for the sole purpose of being instrumental in 
the expression of his emotions. Darwin claimed that a natural 
explanation, consistent with the doctrine of evolution, could in many 
cases be given and would in other cases be afforded by an extension 
of the principles he advocated. “No doubt,” he said^ “as long as 
man and all other animals are viewed as independent creations, an 
effectual stop is put to our natural desire to investigate as far as 
possible the causes of Expression. By this doctrine, anything and 
everything can be eciually well explained.... With mankind, some 
expressions. ..can hardly be understood, except on the belief that man 
once existed in a much lower and animal-like condition. Tlie com- 
munity of certain expre^ions in distinct though allied species... is 
rendered somewhat more intelligible, if we believe in their descent 
from a common progenitor. He who admits on general grounds that 
the structure and habits of all animals have been gradually evolved, 
wiU look at the whole subject of Expression in a new and interesting 
light.” 

Dai-win relied on three principles of explanation. “ The first of 
these principles is, that movements which arc serviceable in gratifying 
some desire, or in relieving some sensation, if often repeated, become 
so habitual that they are performed, whether or not of any service, 
whenever the same desire or sensation is felt, even in a very weak 
degree^.” The modes of expression which fall under this head have 
become instinctive through the hereditary transmission of ac(iuired 
habit. “As far as we can judge, only a few expressive movements 
are learnt by each individual; that is, were consciously and voluntarily 
performed during the early years of life for some definite object, or 
in imitation of other-s, and then became habituaL ITie far greater 
number of the movements of expression, and all the more invportant 
ones, are innate or inherited ; and such cannot be said to depend on 
the will of the individual. Nevertheless, all those included under 
our first principle were at first voluntarily performed for a defirrite 
object,— namely, to escape some danger, to relieve some distress, or 
to gratify some desire^.” 

“ Our second prirrciple is that of airtithesis. The habit of volun- 

^ Expression of the Emotions, p. IS. The passage is here somewhat oondenseil. 

^ Ibid. p. 368. » Ibid. pp. 373, 374, 
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tftrily {torfomiiiig opposite movements under opposite impulscH has 
become flnnly established in us by the practice of our whole lives. 
Hence, if certain actions have been r^ularty performed, in accordance 
with our first principle, under a certain frame of mind, there will be 
a strmig and involuntary tendency to the performance of directly 
opposite actions, whether or not these are of any use, under the 
excitement of an opposite frame of mind‘.” This principle of anti- 
thesis has not been widely accepted. Nor is Darwin'e own position 
easy to grasps 

"Our third princijde,” he says*, “is the direct action of the excited 
nervous system on the body, independently of the will, and itide- 
pemlcntly, in large part, of habit Experience shows that nerve-force 
is generate*! and set free whenever the cerebroHipinal system is excited 
The dirertiun which this nerve-force follows is necessarily determined 
by the lines of connection between the nerve-cells, with each other 
aiul with various parts of the body.” 

lAck of space prevents our following up the details of Darwin's 
treatment of expression. Whether we accept or do not accept his 
three principles of explanation we must regard his work ns a master- 
plow of descriptive analysis, packed full of observations iKKittCHKiflg 
lasting value. For a further development of the subject it is ossentinl 
that tlic iiiHtiiictivo factors in expression shmild be inoro fully dis- 
tingiiiHlied from those which are individually acquired— a dilllcult 
tiisk and that the instinctive factors should Ikj rediscussed in the 
liglit of modem doctrines of heredity, with a view to determining 
whether Uimarckian inheritance, on which Darwin so largely reliwl, 
is necessary for an interpretation of the facts. 

Tlie whole subject as Darwin realised is very complex. Even the 
lemi “expression" has a certain amount of ambiguity. When the 
emotion is in full flood the animal fights, flees, or faints. Is this full- 
tide eflect to be regarded as expression; or are we to restrict the 
term to the premonitory or residual effects— the bared canine when 
the fighting mood is beii^ roused, the ruffled fur when reminiscent 
repr^'ntations of the object induemg anger cross the miiidf Itmadly 
considertMl both should be included. The activity of premonitory 
ex[»TMion as a means of communication was recognised by I>arwtii; 
he might, perhaps, have emphasised it more strongly in dealing with 
the lower animals. .Man so largely relics on a special means of 
communication, that of language, that he sometimes fails to realise 
that for animals with their keen powers of perception, and de|>ciident 
as they are on such means of communication, the more strictly bio- 
logical iiieans of expression are full of subtle suggestivoiicss. Many 
iihmIw of expression, otherwise useless, arc signs of Udiaviour that 

' Expreuion of tKt Kmotion*, p. 368, • Hid. p. flOB. 

O' 28 
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may be anticipated,* — signs which stimulate the appropriate attitude 
of response. This would not, however, serve to account for the utility 
of the organic accompaniments — heart-aitectioii, respiratory changes, 
vaso-motor effbeta and so forth, together with heightened muscular 
tone,— on all of which Darwin lays stress^ under his third principle. 
The biological value of all this is, however, of gi*eat importance, 
though Darmn was hardly in a position to take it fully into account. 

Haviiig regard to the instinctive and hereditary factors of emo- 
tional expression we may ask whether Darwin's third principle does 
not alone suffice as an explanation. Whether we admit or reject 
Lamarckian inheritance it would appear that ail hereditary expres- 
sion must be due to pre-established connections uithin the central 
nervous system and to a tmnsmitted provision for coordinated 
response under the appropriate stimulation* If this be so, Darwin's 
first and second principles are subordinate and ancillary to the third, 
an expression, so far as it is instinctive or hereditary, being ^Hhe 
direct result of the constitution of the nervous system."' 

Darwin accepted the emotions themselves as hereditary or ac- 
quired states of mind and devoted his attention to their expression. 
But these emotions themselves are genetic products and as such 
dependent on organic conditions. It remained, therefore, for psycho- 
logists who accepted evolution and sought to build on biological 
foundations to trace the genesis of these modes of animal and human 
experience. The subject has been independently develo[)ed by 
Professors Lange and James^; and some modification of their view 
is regarded by many evolutionists as affording the best explanation 
of the facts. We must fix our attention on the lower emotions, such 
as anger or fear, and on their first occurrence in the life of the 
individual organism. It is a matter of observation that if a group 
of young birds which have been hatched in an incubator are 
frightened by an appropriate presentation, auditory or visual, they 
instinctively respond in special ways. If we speak of this response 
as the expression, we find that there arc many factoiu There are 
certain visible modes of behaviour, crouching at once, scattering and 
then crouching, remaining motionless, the braced muscles sustaining 
an attitude of arrest, and so forth. There are also certain visceral 
or organic effects, such as affections of the heart and respiration. 
These can be readily observed by taking the young bird in the hand. 
Other eftects cannot be readily observed ; vaso-motor changes, affec- 
tions of the alimentary canal, the skin and so forth* Now the essence 
of the James-Lange view, as applied to these congenital effects, is 
that though we are justified in speaking of them as effects of the 

' Expre&non of thA EmotionSt pp. 65 

® Cf, William James, Frin^iphs of Psychology^ Vol. n. Cbap, x;sv, London, 1890. 
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Kltuiiiliitinii, wo are not justified, without further ovideiico, lii M|H'akinK 
of llieiii tw t‘lfiH;tH of the emotional atate. May It not rather Iw tliat 
the emotion aa a primary mode of experience U the eoiiettinltjint of 
the net rtwiiit of the organic gatuation — the Initial prem'iitatloii, the 
liiMtiiK*tive mode of bebanoor, the risceral diaturhmieee I Acconlltig 
to thk iiiteqiretatioa the pwimarT timne of exjierience of the emo* 
tional onler, felt m an onaoalTwd complex, b generated lij the 
■thniibtiua of the aenmriimi br aftreiit or incoming phvakilafpenl 
imimbea from the special seneea. from the organa cuncerned in the 
reetHNiiiire behariMir, from die rbeerm and TaM>-motnr arctem. 

Siane peychnlogbta, howerer, contend that the emothjiial ex- 
p eriewre b g e n erated in the 90i9oriiira prior U>, and not Nbmqnent 
t«>. the behariovr-respoiMe and the rbceral dbtarhaneea. It b a 
direct and nut an indirect oatoome of the fwvemtatiua to the epedal 
•rnoea Re thb as it may, th«e b a growing tendency to bring into 
the rInaeBt pnmible rebdon, or ereo to identify, iiwtinet and enKition 
in their primary genesb. "nie central core of all wirh interpretalhaia b 
that Instlncllre liehariour and experience, ita eiiHitional areotn|*iii- 
inentM, ami Ite expreeeion, are bat different aspccta of the outcome of 
the wimo organic occurrences. Such emfttloiw are, therefore, only a 
dlslingnblmblu aH|>ect of the primary tiiwiie of cx|R*rlt'nc« and 
oxhihit u like differentiation. Here again a hlolnglnil fouiuhitlon In 
laid for a pHytjhological doctrine of the luenttil dovelopinent of the 
Indlvhltinl 

The intinmte relation between emotion na a (wychologieal iimmIo of 
ex|M'rieiice ami expression as a group of organic condltiniia han an 
lm|N)rtaiit licnring on biological interprelationL The ctmitlon, aa the 
paychological accompaniment of orderly dbturbancca in the central 
nerrous nyiiteni, profoundly influences behariour and often renders It 
more vigonMis and more effiectiTe. The utility of th«* emotions in the 
struggle fur exbtence can, thwefore. scarcely be orer-ewtimatmL J nsC 
as kee nn es s of peroeptioa has surriTal-rahie ; jnst ss it b obrioosly 
subject to rarbtioa; just as it mirt be enhanced under natnrml 
sHection, whether indiTidnanT aroquired hicremmU arc inbmted 
or not ; and Just m its rahie lies not oolj in ihk nr tiM AiiediiJ 
perrepliTe act but m its importanee fiir life «i m «ln4e ; m the 
r igy irr ma eflbctiTetieM of actiTitT hat wnriirml-rmliie : it h «ahf0rt 
to rarialioci; it mibit be etihaoc^ tmder natural and ita 

ttit[Mirtance lice not onlj m lartioilar mofka of liehariour liul iti 
iti rmlur for life aa a ^ole. If emotion ainl Ita ei|irow4im aa a 
cniigrtiitJil efKlowineiit are bat different aapccta of tlie aatiie liifdrifdcal 
ocriirmioo; and if this is a powerful supiiltniient to vigour cffiHiivow 
iH'na Hiul iH^ndHteiiey of behaviourj it must on Ihirwiu'a priiieijilen lie 
aithjoci Ui iiiiiiiml HelectioiL 

2 



© The Complete Work of Charles Darwin Online 



436 



Mental Factors in Evolution 



If we include under the expression of the emotions not only the 
premonitory sy mptoms of the initial phases of the organic and mental 
state^ not only the signs or conditions of half-tide emotioUj but the 
full-tide manifestation of an emotion which dominates the situatioiij 
we are naturally led on to the consideration of many of the phe- 
nomena w hich are discussed under the head of sexual selection. The 
subject is difficult and complex, and it was treated by Darwin with 
all the strength he could summon to the task It can only be dealt 
with here from a special point of view — ^that which may serve to 
illustrate the influence of certain mental factoi's on the course of 
evolution. From this point of view too much stress can scarcely be 
laid on the dominance of emotion during the period of courtship and 
pairing in the more highly organised animals. It is a period of 
maximum vigour^ maximum activity, and, correlated with special 
modes of behaviour and special organic and visceral accompaniments, 
a period also of maximum emotional excitement. The combats of 
males, their dances and aerial evolutions, their elaborate behaviour 
and display, or the flood of song in birds, are emotional expressions 
which are at any rate coincident in time with sexual i>eriodicity. 
From the combat of the males there follows on Darwin's principles 
the elimination of those which are deficient in bodily vigom-, deficient 
in special structures, olfensive or protective, which contribute to 
success, deficient in the emotional supplement of which persistent 
and whole-hearted fighting is the expression, and deficient in alert- 
ness and skill which are the outcome of the psychological develop- 
ment of the powers of perception. Few biologists question that 
we have here a mode of selection of much importance, though its 
influence on psychological evolution often fails to receive its due 
emphasis. Mr Wallace^ regards it as ^*a fonn of natural selection” ; 

to it,” he says, “we must impute the development of the exceptional 
strength, size, and activity of the male, together with the possession 
of special offensive and defensive wmpons, and of all other characters 
which arise from the development of these or are correlated with 
them/' So far there is little disagreement among the folloivers of 
Darwin — for Mr Wallace, with fine magnanimity, has always prefeiTed 
to be ranked as such, notwithstanding liis right, on which a smaller 
man would have constantly insisted, to the claim of independent 
originator of the doctrine of natural selection. So far with regard 
to sexual selection Darwin and Mr Wallace are agreed ; so far and 
no farther. For Darwin, says Mr Wallace^, “has extended the 
principle into a totally diflerent field of action, which has none of 
that character of constancy and of inevitable result that attaches 
to natural selection, including male rivalry ; for by far the larger 
^ Darwini&m, pp, 282^ 2§3j London, 1889. ^ Ibid, p. 283. 
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portion of the phenomenaj which lie endeavours to explain by the 
direct action of sexual selection^ can only be so explained on the 
hypothesis that the immediate agency is female choice or preference. 
It is to this that he imputes the origin of all secondary sexual 
characters other than weapons of offence and defence..,, In this ex- 
tension of sexual selection to include the action of female choice or 
preference^ and in the attempt to give to that choice such wide- 
reaching effects, I am unable to follow him more than a very little 

Into the details of Mr Wallace's criticisms it is impossible to 
enter here. We cannot discuss either the mode of origin of the 
variations in structure which have rendered secondary sexual 
characters possible or the modes of selection other than sexual 
whicli have rendered them, within narrow limits, specifically con- 
stant. Mendelism and mutation theories may have something to say 
on the subject when these theories have been more fully correlated 
with the basal principles of selection. It is noteworthy that 
Mr Wallace says^: “Besides the acquisition of weapons by the 
male for the purpose of fighting with other males, there are some 
other sexual characters wliieh may have been produced by natural 
selection. Such are the various sounds and odours w’hich are 
peculiar to the male, and which serve as a call to the female or 
as an indication of his presence. These are evidently a valuable 
addition to the means of recognition of the two sexes, and are a 
further indication that the pairing season has arrived ; and the 
production, intensification, and differentiation of these sounds and 
odours are clearly within the power of natural selection, Tlic same 
remark will apply to tlie peculiar calls of birds, and even to the 
singing of the males/' Wliy the same remark should not apply to 
their colours and adornments is not obvious. MTiat is obvious is 
that “means of recognition" and “indication that the pairing season 
has arrived " are dependent on the perceptive powers of tlie female 
who recognises and for whom the indication has meaning. The 
hypothesis of female preference, stripped of the aesthetic surplusage 
which is psychologically both unnecessary and unproven, is really 
only different in degree from that which Mr Wallace admits in 
principle when he says that it is probable that the female is pleased 
or excited by the display. 

Let us for our present purpose leave on one side and regard as 
mh judiee the <tuestion whether the specific details of secondary 
sexual characters are the outcome of female choice. For us the 
question is whether ceilain psychological accompaniments of the 
pairing situation have influenced the course of evolution and whether 

^ J>arwiniiM^ pp, 283^ 284. 
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these psychological accompaiiiincnt^ arc themselyes the outcome of 
eyolution* As a matter of obseryatiooj specially differentiated modes 
of behaviourj often very elaborate^ frequently requiring highly de- 
veloped skill, and apparently highly charged with emotional tone, 
are the precursors of pairing. They are generally confined to the 
males, whose fierce combats during the period of sexual activity are 
part of the emotional manifestation. It is inconceivable tliat they 
have no biological meaning ; and it is difficult to conceive that they 
have any other biological end than to evoke in the generally more 
pa^ive female the pairing impulse. They are based on instinctive 
foundations ingrained in the nervous constitution through natural 
(or may we not say sexual?) selection in virtue of their profound 
utility. They are called into play by a specialised presentation such 
as the sight or the scent of the female at, or a little in advance of, 
a critical period of the physiological rhythm. There is no necessity 
that the male should have any knowledge of the end to which his 
strenuous activity leads up. In presence of the female there is an 
elaborate application of all the energies of behaviour, just because 
ages of racial preparation have made him biologically and emotionally 
what he is — a functionally sexual male that must dance or sing or 
go through hereditary movements of display, when the appi^opriate 
stimulation comes. Of course after the first successful courtship his 
future behaviour will be in some degree modified by his previous 
experience. No doubt during his first courtship he is gaining the 
primary data of a peculiarly rich experience, instinctive and emo- 
tional, But the biological foundations of the behaviour of courtship 
are laid in the hereditary coordinations. It w^ould seem that in 
some cases, not indeed in all, but perhaps especially in those cases 
in wffiich secondary sexual behaviour is most highly evolved, — cor- 
relative with the ardour of the male is a certain amoimt of reluctance 
in the female. The pairing act on her part only takes place after 
prolonged stimulation, for affording which the behaviour of male 
courtsliip is the requisite presentation. The most vigorous, defiant 
and mettlesome male is preferred just because he alone affords a 
contributory stimulation adequate to evoke the pairing impulse with 
its attendant emotional tone. 

It is true that this places female preferenee or choice on a much 
lower psychological plane than Darwin in some passages seems to 
contemplate wffiere, for example, he says that the female appreciates 
the display of the male and places to her credit a taste for the 
beautiful. But Darwin himself distinctly states^ that “it is not 
probable that she consciously deliberates ; but she is most excited 
or attracted by the most beautiful, or melodious, or gallant males,” 

^ of Man (2nd edit-), ¥oL ji. pp. 136, 137 ; (Popular edit,), pp. 642, 643, 
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The view here put forward^ which has been deyeloped by Prof. Groos^ 
therefore seems to have Darwin^s own sanction. The phenomena are 
not only biological ; there are psychological elements as well One 
can hardly suppose that the female is tmconsciotis of the male's 
presence ; the final yielding must surely be accompanied by height- 
ened emotional tone* Whether we call it choice or not is merely a 
matter of definition of terms. The behaviour is in part determined 
by snppleinentary psychological values. Prof. Groos regards the coy- 
ness of females as “ a most efficient means of preventing the too early 
and too frequent yielding to the sexual impulse^*" Be that as it may, 
it JBj in any case, if we grant the tacts, a means through which male 
sexual behaviour with all its biological and psychological implica- 
tions, is raised to a level otherwise perhaps unattainable by natural 
means, while in the female it affords opportunities for the develop- 
ment in the individual and evolution in the race of what we may 
follow Darwin in calling appreciation, if we empty this word of the 
aesthetic implications which have gathered round it in the mental 
life of man. 

Regarded from this standpoint sexual selection, broadly con- 
sidered, has probably been of great importance. The j^ychological 
accompaniments of the pairing situation have profoundly influenced 
the course of biological evolution and are themselves the outcome of 
that evolution. 

Darwin makes only passing reference to those modes of behaviour 
in animals which go by the name of play* “Nothing,” he says^, “is 
more common than for animals to take pleasure in practising what- 
ever instinct they follow at other times for some real good.” This is 
one of the very mimerous cases in which a hint of the master has 
served to stimulate research in his disciples. It was left to Prof. Groos 
to develop this subject on evolutionary lines and to elaborate in a 
masterly manner Darwin's suggestion. “ Tlie utility of play,” he says* 
“is incalculable* This utility consists in the practice and exercise it 
affords for some of the more important duties of life,”~that is to say, 
for the performance of activities which vnll in adult life be essential 
to survival He urges^ that “tlie play of young animals has its origin 
in the fact that certain very important instincts appear at a time 
when the animal does not seriously need them.” It is, however, 
questionable whether any instincts appear at a time when they are 
not needed. And it is questionable whether the instinctive and 
emotional attitude of the play “fight, to take one example, can be 
identified with those which accompany fighting in earnest, though 

^ The Play of Animahf p. 244, London, 1898. “ Ibid. p. 283, 

^ of Man, Vol, ii, p. 60 \ (Popular edit*), p. 666. 

* Th^ Flay of Animals, p. 76, ^ Ibid, p, 75, 
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iiu (loiilit thuy lire clitHoIy roliitod and hare aomo comiiimi fantorM. 
It 1m itrulMtWlH timt jiliiy, an preparatory' behaviour, dlMent in bio- 
loKlmj (luPiii (iM it alnioHt certainly does in emotional attrlbnUM) 
from tlio ennieat of after-life and that it has been evolved thmuKh 
ditrercntiatioii and iiiteftration of the primary tissue of ex)iorieiK'e, 
as a pre|amitioii t)iroui{h which certain essential modoM of skill may 
be ar«|uired — U mmw aninuds in which the preparatory |ilay-pro- 
peiMity was nut inherited in due force and requisite amount hrinit 
BttU«i|uenlly eliminated in the struggle for exUteoce. In any oum 
there is little qiteatKio that l*ro£ Groos is right in basing the play- 
propcnaity on instinctive foundations \ Xone the less, as he 
the essential bittk^gical value of play k that it is a means of training 
the edncable nerve-tissue, rf developing timt purt of the brain whidi 
is tnodifted In experience and which thus acquires new charactm, of 
elalairating the scojodary tiame of experience on the predetermined 
lines of instinrtire diflereotiatioa and thus furthering the |isycfao- 
kigkaJ activities which are included under the oomprebctisive term 
" Intclligetit.'' 

hi Thr Ih«mit <{/ Man Darwin dealt at some length with iiitelH- 
gciice and tlio liiglior mental faculties^ His objet't, ho says, is to 
sliow tiuit llioro is no fiiiidinnuntal difference l»etwecii mmi mid tlio 
liiglier iimiiinmiH in thoir ineiital faculties ; that thuHu fiunilticH iiro 
viirtabto mid tlio vaHivtiinw tend to be iiihoritod ; mid that iindor 
natiiml Moloetlon lionelleial variations of all kinds will liavo Imon 
pruservod and lidnrioiiH ones eliminated. 

Darwin was tmi gtHsi an observer and too honest a man to 
ininiinlse the "unoniiotiM difference” between the level of mental 
attaliimeiit of civilise*! man and that reached by any animal. His 
(XHitrntioii was that the difference, great as it is, is one of degree 
ami not of kimL lie realised that, in the development of the 
mental fiundtlcs of man, new hetors in evolution have sopervetied — 
fcetora which pby but a subordinate and substdtary part in animal 
bitclligeoae. Iiilemimmonkatioa by means of hngimgc, approhatioa 
and li Uni e , and all that arises out of r^ective thought, arc but fore. 
timdi*wed in the mental life of animals. ^iD he oontcoda that theee 
may lie exfilaiiwd uu the doctrine of evotutiotL He uigee* ” that man 
varialde in body aad mind ; and that the varmtions are imlueed, 
either directiy or imlirectiy, by the same geoevml ca n eea, and obey 
the s au te gmoral laws, aa with the lower animals.’’ lie ourrelatea 
mental devcloiaueiit with the evolutHm of the brain*. “As the 
various mental fariiltiea gradually develc^ied themselves, the brain 

' r*# rUf AmimiU, p. t4. 

• liftcfni mf J/an (lit •djt.), Chapi. n, m. v; (ind edit.), Chape, iti, if, ». 

• Ihid. Vol. I, pp, TO, 71 i (Popniat edit.), pp. 70, 71. * Ibid, p. Ml, 
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would almost certainly become larger. No one, I presume, doubts 
that the large proportion which the size of man's brain beai^ to his 
body, compared to the same proportion in the gonlla or orang, is 
closely connected with his higher mental powei's." With respect to 
tlie lower animals,” he says^ “M* E* Lartet^ by comparing the crania 
of tertiary and recent mammals belonging to the same gi^oups, has 
come to the remarkable conclusion that the brain is generally larger 
and the convolutions are more complex in the more recent form,” 

Sir E, Ray Lankester has sought to express in the simplest terms 
the implications of the increase in ske of the cerebrum, In what,” 
he asks, *‘does the advantage of a larger cerebral mass consist?” 
“Man,” he replies “is born vfith fewer ready-made tricks of the nerve- 
centres— these performances of an inlierited nervous mechanism so 
often called by the ill-defined term ‘instincts —than are the monkeys 
or any otlier animal. Correlated Avith the absence of inlierited ready- 
made mechanism, man has a greater capacity of developing in the 
course of his individual growth similar nervous mechanisuis (similar 
to but not identical with those of ‘instinct") than any other animaL*., 
The power of being educated — -‘educability" as we may term it— is 
Avhat man possesses in excess as compared with the apes, I think we 
are justified in forming the liypothesLs that it is this ‘educability" 
which is the correlative of the increased size of the cerebrum.” 
There has been natural selection of the more educable animals, for 
“the character wdiich we describe as ‘educability” can be trans- 
mitted, it is a congenital character. But the results of education 
can not be transmitted. In each generation they have to be acquired 
afresh, and with increased ‘educability" they are more readily ac- 
quired and a larger variety of them..„Tlie feet is that there is no 
community betAvecn the mechanisms of instinct and the mechanisms 
of intelligence, and that the latter are later in the history of the 
evolution of the bmin than the former and can only develop in 
proportion as the former become feeble and defective® ” 

In this statement we haA'e a good example of the further develop- 
ment of views which Barwin foreshadoived but did not thoroughly 
Avork out. It states the biological case clearly and tersely. Plasticity 
of behaviour in special accommodation to special circumstances is of 
8urviA’'al A^alue ; it depends upon acquired characters ; it is correlated 
Avith increase in size and complexity of the cerebrum; under natural 
selection therefore the larger and more complex cerebrum as the 
organ of plastic behaviour has been tlic outcome of natural selection. 
We have thus the biological foundations for a further development of 
genetic psychology. 

^ Besemt of Mfin (Popular edit.), p. 82. ^ Com2}tes liendu» des SoieuG^Sj June 1, 1868. 

^ Nature, Yol. pp. 624, 695 (1900). 
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Tlusre are diveiBitieB of opinion, as Darwin showed, with regard 
to the range of instinct in man and the higher animals m contmsted 
with lower types, Darwin himself said^ that *^Man, perhaps, has 
somewhat fewer instincts than those po^essed by the animals which 
come next to him tii the series.'' On the other hand, Prof. Win, James 
says* that man is probably the animal with most instincts. The true 
position is that man and the higher animals have fewer complete and 
self-Bufficing instincts than thfise which stand lower in the scale of 
mental eTotution, but that they have an equally large or perhafis 
larger mass of instinctive raw material which may furnish the stuff 
to be elaborate<l by intelligent processes. There is, perhaps, a greater 
abutulance of the primary tissue of experience to be refashionefl and 
integrated by secondary modification ; there is proliably the same 
differentiation in relation to the determining biological ends, but 
there is at the outset less differentiation of the particular and specific 
modes of behaviour. Tlie specialised instinctive performances and 
their concomitant experience-complexes are at tlie outset more 
indefinite. Only through acquired connections, correlated with 
experience, do they become definitely organised. 

The full W'orking-out of the delicate and subtle relationship of 
instinct and educability — that is, of the hereditary and the acquired 
fnetors in the mental life — is the task which lies before genetic and 
compamtivo psychology. They interact throughout the whole of 
life, and their intemetions are very complex. No one can road the 
chapters of The Descent of Man wliich Darwin devotes to a con- 
sidemtiou of the mental characters of man and animalH without 
noticing, on the one hand, how sedulous he is in his search for 
hereditary louiidatioiis, and, on the other hand, how fully he realises 
the importance of acquired habits of mind The fact that educability 
itself has innate tendencies— is in fact a partially differentiated 
educability — reiulers the unravelling of the factors of mental progress 
all the more diflicult 

III hi» c*omparison of the mental powers of men and animals it 
was efiseiitial that Darwin should lay stress on points of similarity 
rather titan on {Miints of difiTerenoe. Seeking to establish a doctrine 
of evolution, with its basal concept of continuity of process ami 
comniunity of character, he was bound to render clear and to em- 
pliasise the coiiieiiiiou that the difference in mind betw een man and 
the higher animals, great as it is, is one of degree and not of kind 
To this end Darwin not only recorded a large number of valuable 
observations of his owm, and collected a considerable body of infurtiia- 
tioii from reliable sources, he presented the whole subject in a new 
light and Hliow'e<l that a natural history of mind might be written 

* lyfictnl 0/ Man^ Vol, i. p. lOO. “ Frinciplts af PtycholQgyf VaL 11. p. 2 S 1 #* 
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and that this method of study oflcred a wide and rich field for 
investigation. Of course those who regarded the study of mind only 
as a branch of metaphysics smiled at the philosophical ineptitude of 
the mere man of science. But the investigatioiij on natural history 
lineSj has been prosecuted with a large measure of success. Much 
indeed still remains to be done ; for special training is required^ and 
the workers are still few. Promise for the future is however aflbrded 
by the fact that investigatio!! is prosecuted on experimental lines 
and that something like organised methods of research are taking 
form, Tlicre is now but little reliance on casual observations recorded 
by those who have not undergone the necessar}^ discipline in th^e 
methods. There is also some change of emphasis in formulating 
conclusions. Now that the general evolutionary thesis is fuUy and 
freely accepted by those who carry on such researchesj more stress is 
laid on the differentiation of the stages of evolutionary advance than 
on the fact of their underlying community of nature. The conceptual 
intelligence whicli is especially characteristic of the higher mental 
procedure of man is more firmly distinguished from the perceptual 
intelligence which he shares with the lower animals — distinguished 
now as a higher product of evolution^ no longer as differing in origin 
or different in kind. Some progress has been made, on the one hand 
in rendering an account of intelligent profiting by experience under 
the guidance of pleasure and pain in the perceptual fields on lines 
predetermined by instinctive differentiation for biological ends^ and 
on the other hand in elucidating the method of conceptual thought 
employed, for example, by the investigator himself in interpreting 
the perceptual experience of the lower animals. 

Thus there is a growing tendency to realise more fully that there 
arc two orders of educability — first an educability of the perceptual 
intelligence based on the biologiGal foundation of instinct, and 
secondly an educability of the conceptual intelligence which re- 
fashions and rean^anges the data afforded by previous inheritance 
and acquisition. It is in relation to this second and higher order of 
educability that the cerebrum of man shows so large an increase of 
mass and a yet larger increase of effective suiface through its rich 
convolutions. It is through educability of this order that the human 
child is brought intellectually and affectively into touch with the 
ideal constructions by means of which man has endeavoured, with 
more or less success, to reach an interpretation of nature, and to 
guide the course of the further evolution of his race — ideal con- 
structions which form part of man's environment. 

It formed no part of Dai^win's purpose to consider, save in broad 
outline, the methods, or to discuss in any fulness of detail the results 
of the process by which a differentiation of the mental faculties of 
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imm from tlioMu of thu lowur animals has been )iron|{)it iilKiiit. -n 
illlfun'iillntloii tlm vxfNtonre of which be again and again ockiinw 
linigm Ith wan rather to show that, tiotwithMtantling this 

dilTrmitiallon, (here ta baeal cooimmiity in kimL This muat he 
remendierrd In roneklrring hie treatment of the iNological fnnmla> 
(him on which nian’e ayeteme of ethics are boilC Ke drflntlely 
suted that he afi|jraached the mbject “ exchisirelT from the aUa of 
natural hlatnfy*." Hb general oondoacn k that the nairal arme b 
fand a me ntally Mmtical with the social nistmeta, which have bean 
•Wrelofwd hw the gnod of the eoaramiitT ; and be owBeata that the 
emerp* which thm eoafalea m to interpret the tw«>Lig4i»l grownd pian 
of raorak ako enables m to frame a latianal ideal of the moral owl 
"As thw social inslincia, he mn* “both of mb and the k>wor animak 
hare ao donfac haen deroioped I 7 nearir the same steps, H wwald be 
adirimble, if faewd practical to me the same didaition hi both rmea. 
and to lake as tbe standard of moralhT, the general good or wrWare 
of (be rommunitT, rather than the general bappinesa** lint tbe kind 
of ronimiiiiity for the good of which die social instincta of atiiiiiak 
aiHl iiriiiiitire men wore biologically devdoped may be dilferent IWnn 
tliMt wliicti b tlm pnidurt of drilisatimi, as Darwin iki doutit roalisotL 
Ibrwin's coMtentloii was that eonscient;e is a Mwial liistiiirt and lias 
iHmn ovoIvihI Iimmuinu it in useful to the tribe in the struggle for 
exlsteiiee iigaliist otiuu' trllHis. On the other hiiTid, J. H. Mill iii'go*! 
Mint Uie momi feelings are not innate but ac(]iilrod, and Halii held 
the Millie view, iHdlevlng tliat the moral sense is itci|idrisl by eiudi 
Indlvldniil during Ids life-time. Darwin, who notea* tlieir o|diilon 
with hb iiMiial laiidoiir, adds that “on the general theory of eTobitloii 
tlib b at least extremely improbableL'* It » impossible bi enter into 
the (|iMBlion hers ; much turns on the exact connotation of tbe terms 
" eonscioncB " and " moral seme," and on the meaning we attach to 
the siiismiiit that the awiral s ense k fundamentally idratkal with 
the social iostinrta. 

iVwimaMy the m^wity of those who approach tbe sa b^ s c Ss 
di i rimmf in tbe third, fourth and fifth copters of TV /ksimb ^ 
Mmm in tbe foil cunviciititi that phenoaaeaB. not Ism than 

twganie p b mn m m a. bars a nataral gene^ would, without budtatiou. 
admit tW the inlcOectual aud moral systema of ciriliard maa ara 
hlml cunrtfwrtfeast, the products of con ceptu al thought, aud tkat m 
such they ara in tbeir ^reloped form, acquired, lbs amral senti- 
meti(s srr tbs emotkiaal analogues of highly devdoped conrepta 
Thb does imK however im|ily that tber are ont'^ide the ratgee of 
natural hbtory trrattiKUit Ivven tboc^ it may be desiralde to 

• lUtetnl V Utn, To(. 1 . p. 14>. ■ IM. p. IM. 

• IM. p. lU (roolDoi*). 
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differentiate the moral conduct of men from tlie social behaviour of 
animals (to which some such term as “pre-moi'al” or “ quasi -morar' 
may be applied), still the fact remains that, as Darwin showed, there 
is abundant evidence of the occurrence of such social behaviour” 
social behaviour which, even gmnted that it is in lai'ge part intelli- 
gently acquired, and is itself so jfar a product of educability, is of 
survival value It makes for that integration without which no 
social group could hold together and escape elimination* Further- 
more, even if we gmiit that such behaviour is intelligently acquired, 
that is to say arises through the modification of hereditary instincts 
and emotions, the fact remains that only through these instinctive 
and emotional data is afforded the primary tissue of the experience 
which is susceptible of such modification* 

Darwin souglit to show, and succeeded in showing, that for the 
intellectual ami moral life there are instinctive foundations which a 
biological treatment alone can disclose* It is true that he did not in 
all ca^es analytically distinguish the foundations from the super- 
structure. Even to-day we are scarcely in a position to do so 
adequately. But his treatment was of great value in giving an 
impetus to further research. This value indeed can scarcely be 
overestimated And when the natural history of the mental opera- 
tions shall have been written, the cardinal fact will stand forth, 
that the instinctive and emotional foundations are the outcome of 
biological evolution and have been ingrained in the race through 
natural selection. We shall more clearly realise that educability 
itself is a product of natural selection, though the specific results 
acquired through cerebral modifications are not transmitted through 
heredity. It will, perhaps, also be realised that tlie instinctive 
foundations of social behaviour are, for us, somewhat out of date 
and have undergone but little change throughout the progress of 
civilisation, because natuml selection has long since ceased to be the 
dominant factor in human progress. The history of human progress 
has been tnainly the history of man's higher educability, the products 
of which he has projected on to his environment* This educability 
remains on the average what it was a doaien generations ago; but 
the thought’ woven tapestry of his surroundings is refashioned and 
improved by each succeeding generation. Few men have in greater 
measure enriched tlic thought-environment with which it is the aim 
of education to bring edncable human beings into vital contact, than 
has Charles Darwin. His special field of work was the wide province 
of biology ; but he did much to help us to realise that mental factors 
have contributed to organic evolution and that in man, the highest 
I>roduct of Evolution, they have reached a position of unquestioned 
supremacy* 
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THE INFLUENCE OF THE CONCEPTION OF 
EVOLUTION ON MODERN PHILOSOPHY 

By H. Hoffdino. 

Proft$$or of rhUooofihy in the VnivtrtUy of Copenhagen. 

I, 

It U difScalt to draw a sharp line between philoeophy and 
natural science. The naturalist who iutroduces a new principle, or 
demonstrates a &ct which throws a new light on existence, not only 
renders an important service to philosophy but is himself a philosopher 
in the broader sense of the word. Tlie aim of philosophy in the 
stricter sense is to attain points of view from which the fundamental 
phenomena and the principles of the special sciences can be soon in 
their relativo importance and connection. But philosophy in this 
stricter sense has always been influenced by philosophy in the broader 
sense. Qroek philosophy came under the influence of logic and 
mathematics, modem philoso|diy under the influence of natural 
science. The name of Charles Darwin stands with those of Galileo, 
Newton, and Robert Mayer — names which denote new proUems and 
great alterations in our conception of the universeL 

First of all we must lay stress on Darwin's own personality. 
His deep love of trath, his indefatigable inquiry, his wide horieon, 
and his steady self-criticism make him a scientific model, even if his 
results and theories should eventually come to possess mainly an 
historical interest In the intellectual domain the primary object is 
to reach higli summits from which wide surveys are possible, to reach 
them toiling honestly upwards by the way of experience, and then 
not to turn dizzy wlien a summit is gained Darwinians have some- 
times tamed dizzy, but Darwin never. He saw from the first the 
great importance of his hypothesis, not only because of its solution 
of the old problem as to the value of the concept of species, not only 
because of the grand picture of natural evolution which it unrolls, 
but also liecause of the life and inspiration its method would impart 
to the study of comparative anatomy, of instinct and of heredity, and 
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finally because of the influence it would exert on the whole con- 
ception of existence* He wrote in Ms note book in the year 1837 1 
My theory would give zest to recent and fossil comparative anatomy ; 
it would lead to the study of instinct, heredity, and mind-heredity, 
whole [of] metaphysics^'' 

We can distinguish four main points in which Darwin's investiga- 
tions possess philosophical impoitance* 

The evolution hypothesis is much older than Darwin ; it is, indeed, 
one of the oldest giiessings of human thought* In the eighteenth 
century it was put forward by Diderot and Lamettrie and suggested 
by Kant (1786)* As we shall see later, it was held also by several 
philosophers in the first half of the nineteenth century. In his preface 
to The Origin of Species^ Darvvin mentions the naturalists who were 
his forerunners. But he has set forth the hypothesis of evolution in 
so energetic and thorough a nianner that it peiforce attracts the 
attention of all thoughtful men in a much higher degree than it did 
before the publication of the Origin. 

And further, the importance of his teaching rests on the fact that 
he, much more than his predecessors, even than Lamarck, sought a 
foundation for his hypothesis in definite facts. Modern science began 
by demanding— with Kepler and New ton~evidenee of verae causae ; 
this demand Darwin industriously set himself to satisfy — hence the 
wealth of material wdiich he collected by his observations and his 
experimeiita He not only revived an old hypothesis, but he saw the 
necessity of verifying it by facts* MTiether the special cause on >vhich 
he founded the explanation of the origin of species— Natural Selection 
— is sufficient, is now a subject of discussion. He himself had some 
doubt in regard to this question, and the criticisms which are directed 
against his hypothesis hit Darwinisni rather than Darwin, In Ms 
indefatigable search for empirical evidence he is a model even for 
his antagonists : he has compelled them to approach the probloma of 
life along other lines than those wMch w^ere formerly followed* 

MTiether the special cause to wdiich Darwin appealed is sufficient 
or not, at least to it is probably due the greater part of the influence 
which he has exerted on the general trend of thought, Struggle 
for existence" and ‘^natural selection" are principles which have 
been applied, more or less, in every dej>artment of thought. Recent 
research, it is true, has discovered greater empirical discontinuity — 
leaps, “mutations" — whereas Darwin believed in the importance of 
small variations slowly accumulated. It has also been shown by the 
experimental method, w^Mch in recent biological work has succeeded 
Darwin's more historical method, that types once constituted possess 
great permanence, the fluctuations being restricted within clearly 

1 Life and Letters of Charle& Danoirit Yol. r. p* 8. 
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deHnod bouudariea. The iirobtem Iiuh l>ecomo more preciflo, both as 
to variation and as to hcr^ity. 'llie inner conditions of life have in 
both respects shown a greater independence tlian Darwin had supposed 
in his theory, though he always admitted that the cause of variation 
was to him a great enigma, ** a most perplexing proUcfn,” and that 
the struggle for life could only occur where variation existed But, 
at any rate, it was of the greateat importance that Darwin gave a 
living impression of the struggle for life which is everywhere going 
on, and to which even the highest forms of existence must be 
amenable. Tlie philosophical importance of these ideas does not 
stdnd or fall with the answer to the question, whether mitiiral 
seloction is a suilieieiit explanation of the origin of species or not: 
it has an independent, positive value for everyone who wilt observe 
life and reality with an unbiassed mind 

In accentuating the struggle for life Durwin stands as a character* 
istically English thinker: be continues a train of ideas which Hobbes 
and Maltlius had already begun. Moreover in his critica] views as to 
the conception of species be had English forerunners; in the middle 
ages Occam and Duns Scotus, in the eighteenth century Berkeley and 
Hume. In his moral jdiilosophy, as we shall see later, he is an 
adherent of the school which is represented by Hutcheson, Hume 
and Adam fciinith. Because ho is no philos<»pher in the stricter souse 
of the term, it is of great interest to see that liis attitude of mind is 
that of the groat thinkers of liis nation. 

Ill considering Darwin’s influence on philosophy we will liegin 
with an examination of the attitude of philosophy to the conception 
of evolution at the time when The Origm Spttiu appeared We 
will then examine the cflects which the theory of evolution, and 
e^rccially the idea of the struggle for life, has KaA , and naturally 
must have, tm the discussion of philosophical problema 

II. 

Wlien The. Origin of Species appearoil fifty years ago Uonmntic 
speculation, Sclielling’s and Hegel’s pliilosophy, still reigned on the 
continent, while in England Positivism, the philosophy of Comte and 
Stuart Mill, represented tlie most important trend of thought. 
German speculation harl much to say on evolution, it even pretended 
to be a philosophy of evolution. But then the word “evolution” 
was to be taken in an ideal, not in a real, sense. To speculative 
thought the forms and types of nature formed a system of ideas, 
within which any form could lead ns by continuous transitions to 
any other. It was a classificatory system which was regard^] as a 
divine world of thought or images, within which metamorphoses 
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ecmlrl gu mt—vk condition comparable witli that Iti the mini I of the 
|K>et when one image follows another with inif>erceplible chattgeM, 
(ioeihe^K ideas of eirolutioa, as expmtseii iti his sVrtnnwrpkoiieH tht 
PjUtHzrn ufid tier Ttiiere^ belong to this category ; it is, therefore, 
incorrect to call him a foremnner of Danritu Hclielliiig and Hegel 
held the name idea ; Hegel expressly rejected the c«»iiceptioii of a 
real crolutifiii in time as coarse and materialiiitic ^Nature," he 
■aja, ^ is to be considered as a qf the one neceMrily 

arising frucn the other, and being the nearest tnitb of that from 
whkJi it proceeds ; but not in such a way that the one Is matmrmttp 
generated hj the other ; on the contrarr [their coniKCtion lies] in the 
inner idea wbicb is the groand of nature. The 9meiam€trphtms can 
be ascribetl only to the notion as such, because it alone is cfolutton. 
...It has lieen a clumsy idea in tbe older as well as in the newer 
philoso|ihy of nature, to regard tbe tranKfomtatioii and the transition 
from one natural form and sphere to a higher as ati outward and 
actual [iruduclimi*." 

Tlie only one of the philosophers of liofnfuiticiiaii who lietieved in 
a n^al, historical evolution, a real pixdiielion of new s[iodeii, was 
Okcnl Ihitiish philosophers, such as IVoKclum (1 HI 2) and Hiblieni 
(llildX have alno broached the idea of an liiHiorical ovohiiiiMi of all 
living boingH from the lowest to tlio highoKt Hrho|R^]ihmiurH 
philminpliy han a more realistic character than that of HcIiulling'H 
and llegers, liiH diametrical oppositcH, though he also belongs to 
the romantic school of thought Hih phitoso|diical and imyehological 
viewH were greatly iiillneiiced by Fretidi natiinilists and philosopherH, 
es|MH'iaIly by ( 'abiinis and Lamarck. He praiscti the ** ever iiietimnihle 
Lamarck/* becatise he laid so much stress on the “ will to live.** But 
be re[Midiateii as a “wonderbil error** the idea that the orgatis of 
animals MtM>iild have reached their present |ierfection thn>ngh a 
development in time, during tbe course of itiiiiimemble geiKTatloiia 
It was, he said, a consequence of the low standard of eotitem|M>rafy 
FrefK'h iihilosophy, that Lamarck came to the idea of the ronslnic^tion 
of tivifig lieings in time tbroogb soccessiofi* I 

The positiiristic streani of thought was nut more in bvmir of a 
real evduttoii than was the Romantic school Us aim was to adhere 
tofsMiitiTe facts: it looked with suspicion on (ar reaching apeculaliofL 
Comte laid great stress on tbe discontinuity found lR*twreii the 
diltereiit kingdoms of nature, m well as witliiti each single kiiigikiffn. 
As he regarded as unscientifie every attempt to reduce the miiiiber 
of physical foroea, so be rejected entirely the liy|HJlheiils of Isitiiarck 

* dtr phHo$ophi$chen Wiwn»ehafi^n (4|h Usrlln, 1S4A, | SIS. 

* l^hrhwk der Naturphiloiopkif^ Jen&, I8OII. 

* Veiirr tUn H'ltten In der Natur (2nd edit.), FmnkAirt s. M., 1S54, pp. 

11. 2U 
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concerning the evolution of species ; the idea of species would in his 
eyes absolutely lose its importance if a transition from species to 
species under the influence of conditions of life were admitted. His 
disciples (Littr^ Robin) continued to direct against Darwin the 
polemics which their master had employed against Lamarck, Stuart 
Mill, who, in the theory of knowledge, represented the empirical or 
positivistic movement in philosophy — like his English forerunners 
from Locke to Hume — founded his theory of knowledge and morals 
on the experience of the single individual. He sympathised with the 
theory of the original likeness of all individuals and derived their 
differences, on which he practically and theoretically laid much stress, 
from the influence both of experience and education, and, generally, 
of physical and social causes. He admitted an individual evolution, 
and, in the human species, an evolution based on social progress ; 
but no physiological evolution of species. He was afraid that the 
hypothesis of heredity would carry us back to the old theory of 
“innate" ideas. 

Darwin was more empirical than Comte and Mill ; experience 
disclosed to him a deeper continuity than they could find ; closer 
than before tlie nature and fate of the single individual were shown 
to be interwoven in the great web binding the life of the species with 
nature as a whole. And the continuity which so many idealistic 
pliilosophers could find only in the world of thought, he showed to 
be present in the world of reality. 

HI. 

Darwin’s energetic rene^val of the old idea of evolution had its 
chief importance in strengthening the conviction of this real con- 
tinuity in the world, of continuity in the series of form and events. 
It was a great support for all those who were prepared to base their 
conception of life on scientific grounds. Together wdth the recently 
discovered law of the conservation of energy, it helped to produce 
the great realistic movement which characterises the last third of 
the nineteenth century. After the decline of the Romantic movement 
people wished to have firmer ground under their feet and reality now 
asserted itself in a more emphatic manner than in the period of 
Romanticism. It was easy for Hegel to proclaim that “the real” 
was “the rational," and that “the rational" was “the real”: reality 
itself existed for liim only in the intei-pretation of ideal reason, and 
if there was anything which could not be merged in the higher unity 
of thought, then it was only an example of the “ impotence of nature 
to hold to the idea.” But now concepts are to be founded on nature 
and not on any system of categories too confidently deduced d, priori. 
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The new dc?otinii to nature had its recompense In itself, liecmise the 
new of view made us see that nature could irtdeeil “hold to 

ideas/' though (>erhape not to thoee which we ha<l cx»gitate<l liefurehaiicL 

A fmiHt tmiMirtant question for philosopheni to answer was whether 
the new views were compatible with an iilealistie coneepiton of life 
and existence. Some proclaimed that we have now no need of anjr 
philosophy beyond the principles of the cofiservatioii of matter and 
energy and the principle of natural evolution: existence should and 
could be defiaitelj and completely explained by the laws of material 
nature. Bill abler thinkeni saw that the thing was not so stiiipla 
Tliey were prepared to give the new view's llicir just place and to 
examine what alterations the old views must undergo in order to he 
brought into harmony with the new data. 

The realistic character of Darwin’s thcorv' was shown not only in 
the idea of natural rontinuity, but also, and not least, in the idea of 
the cause whereby organic life advances step by step This idea — 
the idea of the struggle for life — implied that nothing could persist, 
if it had no power to maintain itself under the given conditions. 
Inner value alone does not decida Idealisiii ww here put to its hantest 
trial In continuous evolution it could iierlmjis still And mi analogy 
to the inner c volution of id^s in the mind ; but in tlio denimid for 
IMiwer in order to struggle wdth outward conditions UimtiHiii saemod 
to annoiinco itself in its most brutal form. Kvery form of hlealiHin 
liad to ask itself Hcriously how it was going to “struggle fur life'* with 
this new Itealisiii. 

We will now give a short account of llie position which leaf ling 
thinkers in itifferetit countries have taken up in regard to this 
question. 

I. Herbert Spencer was the phtloeopher whose mind was best 
prepared by his own previous thinking to admit the theory of Darwin 
to a place in his conceptiou of the world His criticiiuii of the 
arguments which had been pul forward against the hypothesis 
of l^aniarck, showod that Spencer, as a young man, was an adherent 
to the evolution idea. In his Soeud Statie^ (1B50) he applied 
this idea to human life and moral civilisatioTL In 1B^2 ho wrote an 
essay on The Devehpmeni Hifpoihe*i^ in which he dehiiitely stated 
his belief that the differentiatioD of species, like the difTereiitiation 
within a single organism, was the result of development In the 
first edition of his Psyehidog^ (1855) he took a step which put him 
in opposition to the older English school {from Ijocke to \Iill): he 
acknowledged “innate ideas” so far as to admit the tendency of 
acx]iiircd Imbits to be inherited in the course of generations, so that 
the nature and functions of the individual are only to l>c undersi«Mid 
ilmuigh its conuectiou wdth the life of the species, In 1857, in his 

29—2 
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essay on ProgrmB^ he propounded the law of differentiation as a 
general law of evolution^ verified by examples from all regions of 
experience, the evolution of species being only one of these examples* 
On the effect which the appearance of Tim Origin of Species had on 
his mind he writes in his Auiohmgrmpliy\ ‘‘Up to that time,**I held 
that the sole cause of organic evolution is the inheritance of function- 
ally-produced modifications* The Origin of Speries made it clear to 
me that I was wrong, and that the larger part of the facts cannot be 
due to any such cause. *.*To have the theory of organic evolution 
V justified was of course to get further support for that theory of 
evolution at large with which* ..all my conceptions were bound up^” 
Instead of the metaphoiical expression “natural selection,” Spencer 
introduced the term “ survival of the fittest,” which found favour with 
Darwin as well as with Wallace* fr- 

In working out his ideas of evolution, Spencer found that 
differentiation was not the only form of evolution. In its simplest 
form evolution is mainly a concentration, previously scattered 
elements being integi'ated and losing independent movement* 
Differentiation is only forthcoming when minor wholes arise within 
a greater whole. And the highest form of evolution is reached 
when there is a harmony betM^een concentration and differentiation, 
a harmony which Spencer calls equilibmtion and which he defines 
as a moving equilibrium* At the same time this definition enables 
him to illustrate the expression “survival of the fittest.” “Every 
living organism exhibits such a moving equilibrium — a balanced 
set of functions constituting its life ; and the overthrow of this 
balanced set of functions or moving equilibrium is what we call 
death* Some individuals in a species are so constituted that their 
moving equilibria are less easily overthro\\Ti than those of other 
individuals ; and these are the fittest which survive, or, in Mr Darwdn's 
language, they are the select which nature preserves^.” Not only in 
the domain of organic life, but in all domains, the summit of evolution 
is, according to Spencer, characterised by such a liarmony—by a 
moving equilibrium* 

Spencer's analysis of the concept of evolution, based on a great 
variety of examples, has made this concept clearer and more definite 
than before* It contains the three elements ; integratioii, differentia- 
tion and equilibration* It is tnie that a concept which is to be valid 
for aU domains of experience must have an abstract character, and 
between the several domains there is, strictly speaking, only a relation 
of analogy. So there is only analogy between psychical and physical 
evolution* But this is no serious objection, because general concepts 
do not express more than analogies between the phenomena which 

1 Spencer, Autobiography, Vol* n. p* 50, London, 1904. ^ Ibid. p. 100* 
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they represent. Speoeer takes his leading terms from the material 
world in defining eYoIution (in the simplest form) as integration of 
matter and dissipation of movement ; but as he — not always quite 
consistently '—assumed a correspondence of mind and matter^ he could 
very well give these terms an indirect importance for psychical 
evolution. Spencer has always, in my opinion ivith full right, re- 
pudiated the ascription of materialism* He Is no more a materialist 
than Spinoza. ■ In his Principles of Psychology (§ 63) he expressed 
liimself very clearly : Though it seems easier to translate so-called 

matter into so-called spirit, than to translate so-called spirit into 
so-called matter—which latter is indeed wholly impossible — yet no 
ti'anslation can carry us beyond our symbols.” These words lead us 
naturally to a group of thinkers whose starting-point was psychical 
evolution. But we have still one aspect of Spencer's philosophy to 
mention* 

- Spencer founded his “ laws of evolution ” on an inductive basis, but 
he was convinced that they could be deduced from the law of the 
conservation of energy. Such a deduction is, perhaps, possible for 
the more elementary forms of evolution, integration and differentia- 
tion ; but it is not possible for the highest form, the equilibration, 
which is a harmony of integration and differentiation* Spencer can no 
more deduce the necessity for the eventual appearance of “ moving 
equilibria” of harmonious totalities than Hegel could guarantee the 
“higher unities” in which all coiitradictions should be reconciled* 
In Spencer’s liands the theory of evolution acquired a more decidedly 
optimistic character than in Darwin's; but I shall deal later witli the 
relation of Darwiffs hypothesis to the opjiosition of optimism and 
pessimism* 

II. While the starting-point of Spencer was biological or cosmo- 
logical, psychical evolution being conceived as in analogy with physical, 
a group of eminent thinkers— in Gennany Wundt, in France Fouill^e, 
in Italy Ardig6 — ^took, each in his own manner, their starting-point 
in psychical evolution as an original fact and as a tyj)e of all 
evolution, the hypothesis of Darwin coming in as a corroboration 
and as a special example. They maintain the continuity of evolution ; 
they find this character most prominent in psychical evolution, and 
this is for them a motive to demand a corresponding continuity in 
the material, especially in tlie organic domain. 

To Wundt and Foiiillee the concejit of will is prominent They 
see the type of all evolution in the transformation of the life of will 
from blind impulse to conscious choice; the theories of Lamarck 
and Darwin are used to support the view that there is in nature a 

^ Cf. my letter to him, 1876* now printed in Duncan’s Life and Letters of Herbert SpeneeTf 
p. 178, London* 1908. 
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tendency to evolution in steady reciprocity witli external conditions. 
The struggle for life is here only a secondary fact Its apparent 
prominence is explained by the circumstance that the influence of 
external conditions is easily made out, while inner conditions can 
be verified only through their etfects. For Ardigb the evolution of 
thought was the starting-point and the type: in the evolution of a 
scientific hypothesis we see a progress from the indefinite {indisUnto) 
to the definite {diMirtto), and this is a characteristic of all evolution, 
as Ardigh has pointed out in a series of works. The opposition 
between iwMstinto and distinto corresponds to Spencer’s opposition 
between homogeneity and heterogeneity. The hypothesis of the 
origin of difierences of species from more simple forms is a special 
example of the general law of evolution. 

In the views of Wundt and Fouillee we find the fundamental idea 
of idealism; psychical phenomena as expressions of the innermost 
nature of existence. They differ from the older Idealism in the great 
stress which they lay on evolution as a real, liistorical process which 
is going on through steady conflict with external conditions. The 
Eomantic dreaxi of reality is broken. It is beyond doubt that 
Darwin s emphasis on the struggle for life as a necessary condition 
of evolution has been a very important fector in carrying philosophy 
back to reality from the heaven of pure ideas. The philosophy of 
Ardigh, on the other side, appears more as a continuation and 
deepening of positivism, though the Italian thinker arrived at his 
point of view independently of Freiich-English positivism. The idea 
of continuous evolution is here maintained in opposition to Comte’s 
and Mill’s philosophy of discontinuity. From Wundt and Foiiilltie 
Ardigh <liffers in conceiving psychical evolution not ae an immediate 
revelation of the innermost nature of existence, but only as a single, 
though the most accessible example, of evolution. 

III. To the French plulosophers Boutroux and Bergson, evolution 
projjer is continuous and qualitative, while outer experience and 
physical science give us fragments only, sporadic processes and 
mechanical combinations. To Bergson, in his recent work L’Emhi- 
tion Creatrice, evolution consists in an elan de, vie wliich to our 
fragmentary observation and analytic reflexion appears as broken 
into a manifold of elements and processes. The concept of matter 
in its scientific form is the result of this breaking asunder, essential 
for all scientific reflexion. In these conceptions the strongest 
opposition between inner and outer conditions of evolution is ex- 
pressed . in the domain of internal conditions spontaneous develop- 
ment of qualitative forms— in the domain of external conditions 
discontinuity and mechanical combination. 

We see, then, that the theory of evolution has influenced philosophy 
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in a variety of forms. It has made idealistic thinkers revise their 
relation to the real M^orld; it lias led positivistic thinkers to find a 
closer connection between the facts on which they based their 
views ; it has made ns all open oot eyes for new possibilities to arise 
through the pHma faeie inexplicable “ spontaneous variations which 
are the condition of all evolution. This last point is one of peculiar 
interest* Deeper than speculative philosophy and mechanical science 
saw in the days of their triumphj we catch sight of new'' streams^ 
whose sources and laws we have still to discover. Most sharply does 
this appear in the theory of mutation, >vhich is only a stronger 
accentuation of a main point in Darwinism* It is interesting to 
see that an analogous problem comes into the foreground in physics 
through the discovery of radioactive phenomena, and in psychology 
through the assumption of psychical new formations (as held by 
BoutrouXj William James and Bergson)* From this side, Darwin's 
ideas, as well as the analogous ideas in other domains, incite us to 
renewed exanunation of our first principles, their rationality' and 
their value. On the other hand, his theory of tlie struggle for 
existence challenges ns to examine the conditions and discuss the 
outlook as to the persistence of human life and society and of the 
values that belong to them* It is not enough to liope (or fear ?) 
the rising of new forms ; we have also to investigate the possibility 
of upholding the forms and ideals which have hitherto been the bases 
of human life. Darwlti lias here given his age the most earnest and 
most impressive lesson* This side of Darwin's theory is of peculiar 
interest to some special philosophical problems to which I now pass* 



IV* 



Among philosophical problems the problem of know ledge has in 
the last century occupied a foremost place. It is natural, then, to 
ask how Darwin and the hypothesis w^hose most eminent repre- 
sentative he is, stand to this problem. 

Daiwvin started an hypothesis. But every hypothesis is won by 
inference fi'om certain presuppositions, and every inference is based 
on the general principles of human thought The evolution hypo- 
thesis presupposes, then, human thought and its principles. And 
not only the abstract logical principles are thus presupposed. The 
evolution hypothesis purjjorts to be not only a formal arrangement of 
phenomena, but to express also the law of a real process* It supposes, 
then, that the real data — all that in our knowledge wliich we do not 
produce ourselves, but which we in the main simply receive— are 
subjected to laws which arc at least analogous to the logical relations 
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of thoii^IitH ; in otlier words, it assumes the validity of the 
principle (»f causality. Tf organic species could arise without caiiao 
there wcmltl bo no use in framing hypotheses. Only if wo aasunio 
the principle of causality, is there a problem to solva 

Though [>arwinisin has had a great influence on philosoiiliy con- 
sidered as a striving after a scientific view of the worici, yet here is 
a point of view — the epistemological — where philosophy is not only 
inde{)cndent but reaches beyond any result of natural science. 
Perhajjs it will be said : the powers and functions of organic beings 
only persist (perhaps also only arise) when they correspond sufitcictitly 
to the conditions under which the struggle of life is to go on. 
lluuimi thought itself ifi, then, a variation (or a mutation) which 
lias liccii able to persist and to surviva Is not, then, the problem 
of knowledge solved by the evolution hypothesis? Spencer had 
given an affirmative answer to this question before the appearance 
of The Origin of Sj>eeie^ For the individual, he said, there is an 
d priori^ original, liasis (or Anloge) for all mental life; but in the 
species all jxjwers have developed in reciprocity with extenial con- 
ditions Knowledge is here considered from the practical [Miiiit of 
view, as a weapon in the struggle for life, as an “orgaiiotr* which 
has Ikjou continuously in use for generations, lii recent years the 
economic or pragmatic epistemology, as developed by Avonarius and 
Mach in Germany, and by »Iames in America, points in tlie suiiie 
directioiu Science, it is said, only maintains those principles aiifl 
proHiippcmitions which are necessary to the siiii[>lest and clearest 
orientation in the world of experience. All assumptions which 
cannot bo applied to experience and to practical wiirk, will sue- 
cossively lie climinatefL 

In these views a striking and important application is made of 
the idea of struggle for life to the developmeut of human thought. 
Thought must, as all other things in the world, struggle for life. 
But this whole consideration belongs to psychology, not to the 
theor}^ of knowledge (epistemoIogyX which is concerned only with 
the validity of knowledge, not with its historical origiiL Every 
h^qiGthcsis to explain the origin of knowledge must submit to cross- 
cxainitiatioii by the theory of knowledge, be^muae it works writh the 
fundamental forms and principles of hnman thought. We cannot go 
further Imck than these forms and principles, which it is the aim of 
epistemolog}^ to ascertain and for which no further reason can be 
given’. 

Blit there is another side of the problem which is, [lerhaps, of 

* Tho pitswnl writer, manj je&rs ago, in hie (Copenhagen, 1B62|, Kng» 

tranil. London, 1001 J, oritlojaed the evolutioniatic treatment of the problem of knowlodga 
from tlio Kantian point of fiew. 
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more importance and which epistemology generally overlooks. If 
new variations can arise, not only in organic but perhaps also in 
iiioi^ganic nature, new tasks are placed before the human mind. The 
question is, then, if it has forms in which there is room for the new 
matter^ We are here touching a possibility which the great master 
of epistemology did not bring to light Kant supposed confidently 
that no other matter of knowledge could stream forth from the dark 
source which he called thingdndtself/" than such as could be 
synthesised in our existing forms of knowledge. He mentions the 
possibility of other forms than the human, and warns us against the 
dogmatic assumption that the human conception of existence should 
be absolutely adequate* But he seems to be quite sure that the 
thing-indtself works constantly, and consequently always gives us 
only what our powers can master. This assumption was a con- 
sequence of Kants rationalistic tendency, but one for which no 
warrant can be givem Evolutionism and systematism are opposing 
tendencies which can never be absolutely harmonised one with the 
other. Evolution may at any time break some form which the 
system-monger regards as finally established, Darwin himself felt a 
great difierence in looking at variation as an evolutionist and as 
a systematise IfVlicn he was working at his evolution theory, he 
was very glad to find variations ; but they were a hindrance to him 
when he worked as a systematist, in preparing his work on Cirri- 
pedia. He says in a letter: “I had thought the same parts of the 
same species more resemble (than they do anyhow in Cirnpedia) 
objects cast in the same mould. Systematic work would be easy 
vrere it not for tliis confounded variation, which,, however, is pleasant 
to me as a speculatist, though odious to me as a systematistl*' He 
could indeed be angry with variations even as an evolutionist ; but 
then only because he could not explain them, not because he could 
not classify them. If, as I must think, external conditions produce 
little direct effect, what the devil determines each particular varia- 
tion^?'" What Darwin experienced in his particular domain holds 
good of all knowledge. All knowledge is systematic, in so far as it 
strives to put phenomena in quite definite relations, one to another* 
But the systematisation can never be complete. And here Darwin 
has contributed much to widen the world for us* He has shown us 
forces and tendencies in nature which make absolute systems im- 
possible, at the same time that they give us new objects and 
problems^ There is still a place for what Lessing called “the 
unceasing striving after truth,"' while “ absolute truth (in the sense 
of a closed system) is unattainable so long as life and experience 
are going on* 

1 Life and Letters ^ Yol* n. p. ^ Ibid. p. 232* 



(c) The Complete Work of Charles Darwin Online 



4r>8 Evulntion and Modern Philosophj 

Hiurt! iM htsro ii Hpccial remark to be made. Ah wo liave hocii 
almvo, ro<*eiit roHOfircIi liaa nhowii that natural HoIectUm or nirtif^glo 
for litb Ih iici oxplunatioii of variationa Hugo dc VrieH clmtinguiMheH 
between jifirtiiil find embryonal rariations^ or between variiitionH and 
mutatititm, only the lant-named being heritable, and therefore of 
importfuice for the origin of new species. But the eitHteiice of 
Tariationii is not only of interest for the problem of the origin 
of iipecies; it has alni» a more geneml inter^t. An individual docs 
not lose its iiiiimrtauce for knowledge, because its qualities are tio4 
heritable. On the contrary, in higher beings at least* indi%'idiuil 
peculiarities will become more and more independent objcctii of 
interest Knowledge takes account of the biograplties not only of 
stMMdes, ljut also of individuals : it sects to find the law of develops 
meiit of the sipgle individual ^ As Leibniz said long ago, individuality 
cofisiiftM in the law of tlie change of a being: “La loi du chaiige- 
tiietil fail I iiidivifliiaJit^ de cliaque sabstaoce.” Here is a world 
which b alfiiost new for science, which till now has mainly occupied 
itself with general laws and forms. But these are ultimately only 
tiieaiiM to iiiiderstaii(l the individual phenomena, in W’hose nature 
and history a mfitiifold of laws and forma always coojM5rate. The 
iriiiMirtancu of this remark will appear in the se(|uel. 

V* 

To many |H30j>1e the Darwinian theory of natural selection or 
Htruggle for existence siieitied to change the whole coiicejition of life, 
and imrtieiilarly nil the cotiditions on which the validity of ethiail 
ideas depends. If only that hi^ persistence which i»n be atlapted 
to a given cotulition, what will then be the fete of our ideals, of our 
staiiilartls of good and evil I BLiikI force seems to reigti, and the 
only thing tliat counts seems to be the most heedless use of piwer. 
Darwinism, it was said, has proclaimed brutality. No other diflerenee 
seems pemiaiieiit save that between the sound, powerful atwl hafifiy 
on the one side, the sick, feeUe and unhappy on the other ; aiwl 
ever)' attempt to alleviate this diflerence seems to lead to general 
enervation. Htane of those who inter|H%ted Darwinism in this manner 
felt an aesthetic delight in contemplating the heedlessness and energv 
of the gnmt struggle for existence and anticipated the nmlisation of 
a higher huiiian type as the outcome of it : so Nietzsche and his 
followers. Otlieni recognising the same consequences in l>arwiiiisin 

' Tb* D«w ioivnot of Eoologj oocupiet an Intermediate potition bntwoeD the bloftrapbr 
of aporlfia and ilie bioKrapbjr of iDdlTiduala. Compare Ctmffrttt o/ A ru and 
St Ltiula, Vol, V. IQOO (the BttporU of Drude and Bobingon) and the work of mj oollioaiiua, 
E, Wanning. 
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regarded these as one of the strongest objections against it ; so 
Diihring and Kropotkin (in his earlier works)* 

This interpretation of Darwinism was frequent in the interval 
between the two main works of Danvin — The Origin of and 

The Descent of Man. But even during this interval it was evident 
to an attentive reader that Darwin himself did not found his standard 
of good and evil on the features of the life of nature he had 
emphasised so strongly. He did not justify the ways along which 
nature reached its ends ; he only pointed them out* The “ real '' was 
not to him^ as to Hegel, one with the “rational.'^ Darwin has, indeed, 
by his whole conception of nature, rendered a great service to ethics 
in making the diflcrence between the life of nature and the ethical 
life appear in so strong a light. The ethical problem could now be 
stated in a sharper foim than before* But this w^as not the first time 
that tlie idea of the struggle for life was put in relation to the ethical 
problem* In the seventeenth century Thomas Hobbes gave the fii'st 
impulse to the whole modern discussion of ethical principles in his 
theory of helium omnium contra omnes. Men, he taught, are in the 
state of nature enemies one of another, and they live either in fright 
or in the glory of power* But it was not the opinion of Hobbes that 
this made ethics impossible* On the contrary, he found a standard 
for virtue and vice in the fact that some qualities and actions have 
a tendency to bring us out of the state of war and to secure peace, 
while other qualities have a contrary tendency* In the eighteenth 
century even Immanuel Kant's ideal ethics had — so far as can be 
seen — similar origin* Shortly before the foundation of his definitive 
ethics, Kant wrote his Idee zu einsr allgemeimn Wdtgesehiehte 
(1784), where — in a way which reminds us of Hobbes, and is 
prophetic of Darwin—he describes the forward-driving power of 
struggle in the human world* It is here as with the struggle of the 
trees for light and air, through which they compete with one another 
in height Anxiety about war can only be allayed by an ordinance 
which gives everyone his full liberty under acknowledgment of the 
equal liberty of others* And such ordinance and acknowledgment are 
also attributes of the content of the moral law, as Kant proclaimed 
it in the year after the publication of his essay (1785)\ Kant really 
came to his ethics by tlie way of evolution, though he aftei^v^ards 
disavowed it Similarly the same line of thought may be traced in 
Hegel though it has been disguised in the form of speculative 
dialectics^* And in Schopenhaueris theory of the blind will to live and 
its abrogation by the ethical feeling, which is founded on universal 
sympathy, we have a more individualistic form of the same idea* 

1 Cf. my History of Modem Philosophy (Eng. transl. London, 1900), i. pp* 76 — 79- 

^ " Herrechaffc und Knechtschaft,” Fhanomenologie des Oeistesj iv. A., Leiden, 
1907* 
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It wtiM, thon, lint uiitiruly ti foreign point of vUiw wliirli Itnrwiii 
httriHlnciHl Into I'tltinil thought, even if wc take no aeiHMint of tho 
I'hararior of the word "stmggle” aiul of the iiHire dlrtx't 
aila|itati«in. through the une and iKm-aae of power, which Darwin aim 
em|i)HaiM<iL In Tkr Dtseemi of Mam be hat* devoted a aiiccial 
rtwf>ter‘ to a tli’W'UMdon of the or^in of the ethical r miacint imcm, 
The rWi«-ii-ii4ir eip rrm doa of tbk oonedotMWHi he KmmmJ, jaat aa 
Kant did m the •/ “ naght~ ; it was the or1|{iB of this new idan 
which •h'.uM «a|4aifieiL Hk hTpodierii waa that the othhal 
" o«,;ht )m* it# origin ta the aoctal and pareatal hatiaeta, which, aa 
weh a# other ttHlmrt# <#-g the i ag t iDfct of oelffcaBarTatlaaV Me 
deeper than pt ea er e and paaa. la maaj i p edo a . ae« loai« hi the 
hwMM ipar ha , t h* sn* kwlaKta are fostered bf aatoial aeieethni ; aad 
whan the powcew bwwnwt aad i -iiiaiiB ei are dcTwIopod. eo that 
ripfle arte can be valacd atn er te ig to the efohae of the deep axfoJ 
ia*4lnrt. thro wwMrawimciia of duty and rcmntwc are poMhlc. HUwd 
irwainrt ha# ifovcfopni to fomdoos ediica] wilL 

Aa alri-aiK atated. Iknrin, as a incwal phihiaofiher ItehuHta to the 
arhiMil that waa foumlwl Igr KhaftesboiT, and waa afterward# repre- 
mmiIin] by IliiU-hmiii, lluiue, Adam ,'smtb, Comte and Sjauuvr. Ilia 
merit la, first, llmt lie Iihm glmi this tendency of thought a lilologh'nl 
rniiiMliidon, II I III llmt I 111 lmn utatnped on it a doughty cl in motor 
III Hlimvliig Unit otliiciil idotw nnd sentiiiiotits, rightly (.loncolvcd, iiro 
I'orciis which arc at work In tho struggle for life. 

There am still many i|UUHtions to solve. Not only iIikm tlie 
ethii'iil ilevelo]Hiient within the hu man species contain feeturea atlll 
uiH*s|4aliH<4l' ; luit we arc ciHifrooted by the great |iroMent whether 
after all a genetic biatorioal theewy can be of deiMve iuiporlaiice 
here. To every enneaiiiMat ethical cansdomneas tbere k a atewlard 
of valne, a prinwicdial valwe wfakb detennines the dagle ethewl 
Jadgmenta aa their laet pmnpfmaitioa. and the "nghtMea** wf this 
basis, the ’ «;*}nr ' of thh valne can as little be Jhimi i d m the 
"miiiivielrty of oar li«ical piiai' ifiina. There b here reveeh-d a 
ISMthiiity if ethical siv|itieimi which 1 1 iilHtiuwailji. ethirs (a* well 
a# intndite iw raiiunelistic ethica) has ovcrloohnd. No datMenita 
thei raa sImiw that the iwaalts of the cthioBl devwkipMWt are 
defowtlvr and anivewaL We WMCt here ^aia with the hepurtaat 
oppinithei of •jatematisetaow and erofaitiaB. There will, | Udak, 
alwaya be aa open qamUun here, thon^ comparative ethka, of whirh 
we have ao for ualy the ftrat attempts can do nneb to throw light 
on it 

It wtHild carry ua too far to disciiss all the philoeo|iiiical worka on 
ellilo^ which have lieeii influenced directly or indin'etly by ovolu- 

' Tk§ tif IliiN, VttJ. I, Ch. Ul, 

* I'litf wtiik» Ilf Wiiittinimrok Aiid Hobhouse throw new light on iiiMUjr of IIiumi foniuiMii 
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tioDiem* T may, howeverj here refer to the book of C* M. WilliainSj 
A Rmiew of the Systems qf Ethim founded on the Theory of 
Evolutioid^ in which^ besides Darwiiij the following authors are 
reviewed : Wallace^ Haeckel, Spencer^ Fiske, Rolpb, Barratt, Stephen, 
Canieri, Holfdiiig, Gizyeki, Alexander, Roe. As works which criticise 
evolutionistic ethics from an intuitive point of view and in an 
instructive way, may be cited : Guy an, La mm^ide miglaise contem- 
poraim^^ and Sorley, Ethies of Naturalism* I ^vill only mention 
some interesting contributions to ethical discussion which can be 
found in Darwinism besides the idea of struggle for life. 

The attention which Darwin has directed to variations has 
opened our eyes to the differences in human nature as well as in 
nature generally. There is here a fact of great importance for 
ethical thought, no matter from what ultimate premiss it starts. 
Only from a very abstract point of view can different individuals be 
treated in the same manner. The most eminent ethical thinkers, men 
such as Jeremy Bcntham and Immanuel Kant, who discussed ethical 
questions from very opposite standpoints, agreed in regarding all men 
as equal in respect of ethical endowment. In regard to Bcntham, 
Leslie Stephen remarks : “ He is determined to be thoroughly 
empirical, to take men as he found them. But his utilitarianism 
supposed that men's views of happiness and utility were uniform and 
clear, and that all that was wanted was to show them the means by 
which their ends could be reached^.'' And Kant supposed that every 
man would find the “categorical imperative" in his consciousness, 
when he came to sober reliexion, and that all would have the same 
qualifications to follow it But if continual variations, great or small, 
are going on in human nature, it is the duty of ethics to make 
allowance for them, both in making claims, and in valuing what is done. 
A new set of ethical problems have their origin herc^. It is an 
interesting feict that Stuart Milts book On Liberty appeared in the 
same year as Tim Origin of Speeies, Though Mill agreed with 
Beutham about the original equality of all men's endowments, he 
regarded individual differences as a necessary result of physical and 
social influences, and he claimed that fi'ee play shall be allowed 
to differences of character so far as is possible without injury to 
other mem It is a condition of individual and social progress that 
a man's mode of action should be determined by his own character 
and not by tradition and custoin, nor by abstract rules. This view^ 
w^as to be corroborated by the theory of Darwin, 

But here we have reached a point of view from which the 

1 New York and London, 1893. ® Paris, 1879. 

^ Engluh literature and society in the eighteenth century, Londorij 1904, p. 187. 

^ Cf. my paper, The law of relatiTity in Ethics,” Internatianul Journal of MthieSf Tol. i. 
1891, pp. 37^2. 
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ci'lliclKiii, wUIrli ill rccmii ymiti liaH often Ihioii diroetod iiftuliiHt 
Durwin — timt niiinll variatioiiM are of no imiMtrtaiicc in the atniia(Io 
for life — la of no weight From an ethical atatidputnt, aiwl particularly 
from the ethical atandpoint of Darwin himaelf. it ia a duty to foater 
iiMlIridnaJ ditR.imcea that can be valoaUe, eren thouKh they can 
neither be aerrke far phyaical preaerratiaa nor be phy^cally 
inherited. The diatinctiua between rariataon and matathm ia here 
without importance. It ia quite natural that bhdoftMta ahonM be 
|mrticulaiiy intereated in aorfa rariationa aa can be inberiteil and 
jiroduce new apeciea. Hut in the bnman world there fa* not iMily a 
pliyaical, but alao a mental and aocial hennlity. When an ideal 
iiiiinnii chnmi'tor luia taken form, then there ia aliH|ic<l a tyjto, which 
tlirt)U|(h imitation ami intiuetice can become an imiMirtant factor in 
anlw.'«(ucnt derelopnicnt, eren if it cannot form a aperica in the 
biological aetne of the word. .Spiritually atron^t men oflni aaemmb in 
the phyiica] atniKxIc f«r life ; tmt they can neTerthe l em be rictorioaa 
thnaqtfa the typicml influeoce they exert, perhapaon rery dirtant|trnera- 
tiona, if the remembrance of them ia kept alire, be it in leitendary or 
in hbtorical fonn. TTietr very hulure can ahow that a type baa taken 
form which ia maintained at all liaka, a atandard of life which ia 
adhered to in apitc of the Btrongcat oppoaithm. The <|iioation “to 
l»e or not to lie “ can Iw put from very diflerent lercia of iMdiin: it 
hiw bKi often iKieii eoiiNulcrc'd a cmiHeqiieneo of DurwiiiiMin that tliia 
iliieHtinii Ih only to lie put from tlie loweat level. When ii attittu ia 
recielied, where Idenl (othlcal, intellectual, aeathetlc) iiitcrvata are 
concemwl the atrujotle for life ia a atru^lc for the preaervation of 
thia aUffe. ITie giving up of a higher atandard of life fai a aort of 
death ; fur there ia not only a phyrical, there ia atn a apiritual. 
death. 



VL 

The Sncratic character of iMrwin'a mind appeam in hia warinem 
in drawing the laat ronaequvncea of hia doctrine, in contmat lailh 
with the aiidacioua tiieorioa of ao many of hia followen* ami with the 
coiia«|ucncea which hia aiitagouiata were biuy in drawing. Ihough 
he, aa we have aeen, aaw from the beginning that hfai hypotheaia 
woukl oocaaloa “ a whole of metaphyaica," he araa himaelf very 
reaerved aa to the ultimate queationa, and hia anaweru to anch 
qneatiooa were extorted from him 

Aa to the queetioo of optimimi and pendmimi. IWwin held that 
though pain and auflMng were very often the wayt by which animab 
were led to punue that ooune of actioa which b moat l•meA^iaI to 
the apeciea^ yet plcaaurablc fcelinga were 'the moat haUtual guidea 
“We aee tliia in the ploaaure from exertion, even occaaiotially from 
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great exertion of the body or mind, in the pleasure of our daily 
meals, and especiallj' in the pleasure derived from sociability, and 
from loving our families.” But there wa-s to him so much suffering 
in the world that it was a strong argument against the existence of 
an intelligent First Cause*. 

It seems to me that Darwin was not so clear on another question, 
that of the relation between improvement and adaptation. He wrote 
to Lyell : ** W hen you contrast natural selection and ‘ improvement,’ 
you seem always to overlook.., that every step in the natural selection 
of each species implies improvoineiit in that species in rdatimi to its 
condition of ;y/e....Impi-ovement implies, I suppose, mch form 
obtaining many parts or organs, all excellently adapted for their 
functions." “ All this,” he adds, “ seems to me quite compatible with 
certain forms fitted for simple conditions, remaining unaltered, or 
being degraded*,’’ But the great question is, if the conditions of 
life will in the long run favour “improvement” in the sense of 
dififerentiation (or harmony of differentiation and integration). Many 
beings are best adapted to their conditions of life if they have few 
organs and few necessities. Pessimism would not only be the conse- 
quence, if suffering outweighed happiness, but also if the most 
elementary forms of happiness were predominant, or if there were 
a tendency to reduce the standard of life to the simplest possible, the 
contentment of inertia or stable equilibrium. There arc animals 
which are very highly differentiated and active in their young state, 
but later lose their complex organisation and concentrate them- 
selves on the one function of nutrition. In the human world analogies 
to this sort of adaptation are not wanting. Young “ idealists " very 
often end as old “ Philistines.” Adaptation and progress are not the 
SEune. 

Another question of great importance in respect to human evolu- 
tion is, whether there will be always a possibility for the existence 
of an impulse to progress, an impulse to make great claims on life, to 
be active and to alter the conditions of life instead of adapting to 
them in a passive manner. Many people do not develop because 
they have too few necessities, and because they have no power to 
imagine other conditions of life than those under which they live. In 
his remarks on “ the pleasure from exertion ” Darwin has a point of 
contact with the practical idealism of former times — with the ideas of 
Lessing and Gcyethe, of Condorcet and Fichte. Tlic continual striving 
which was the condition of salvation to Faust’s soul, is also the con- 
dition of salvation to mankind. There is a holy fire which we ought 
to keep burning, if adaptation is really to be improvement If, as 
1 have tried to show in my Philosophy of Religion, the innermost 

> Life and Lettert, Vol, t. p. 310, * Ibid. Tol. ii. p. 177. 
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core of all roU|{ioii ia faith in the {lereiHtence of value in the world, 
and if the higheHt raluett ozprvMt thenutelveH in the cry ** KxceUior I ’* 
then the capital point ie, that thin cry «hoiild alwaya be heard and 
followed. \Ve have here a corollary of the theory evolution in 
ita application to human life. 

Darwin declared himeelf an a^fioetic, not only becanae be ooold 
not harmoniae the lar^ amount of saflerin^ in the world with the 
idea of a Uod aa ita firat canae, hot alao becauae be “ waa aware that 
if we admit a flmt cauac, the mind atill cravea to know whence it 
came and how it aroaeh" He aaw, aa Kant had aeen l>cfure him and 
exprcHHud in hia Kritik (ler Urtheil»krt\d, that wo cannot accept 
either of the only two puHailiilitica wliich wo are able to conceive : 
chance (or brute h>rce) ami deei^tn. Neither incchaniHin nor teleology 
can give an abaolute anHwer to ultimate ()uei«tionA The univerae, 
and eapecially the organic life in it, can neither be explaine<I as a 
mere combinatioii of absolute elements nor as the effect of a con- 
structing thougfaL Darwin concluded, as Kant, and before him 
Hpinosa, that the oppositioas and distinctions whid) our experienoe 
presents, cannot safely be regarded as valid for cxistenoe in itsell 
And with Kant and Fichte, be found hU strongliold in the oonrictiuo 
that man has something to do, even if he cannot solve all enigmas, 
“ The safest conclusion seems to me that tlie whole subject is beyond 
the scope of innii's intellect ; but man can do liis duty*." 

Is tliis tlte last word of hutnan tliought y Dues not the [tossiliility, 
that mail can do his duty, suppose that the conditious of life allow of 
continuous ethical striving, so that there is a certain bamiony 
between cosmic order and human kicals f Darwin himself has shown 
bow the cunscioosness of duty can arise as a natural result of evolu- 
tioa Moreover there are lines id evolution which have their end in 
ethical idealism, in a kingdom of values, which must struggle for 
life as all things in the world must do, but a kingdom which has its 
firm foundation in reality, 

' Ui* aiuf LtUtrtt Vgl, I. p. 800. * tbiit. p. 807. 
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DARWINISM AND SOCIOLOGY 

By C, BouglA 

ProfossoT of Soeial Philosophy in the Uni^oer&ity of Toulouse a/nd 
Peputy- Professor at the Sorhonne^ Paris. 

How has our conception of social pheiiomenaj and of their history, 
been affected by Dan^in's conception of Nature and the laws of its 
transformations? To what extent and in what particular respects 
have the discoveries and hypotheses of the author of The Origin of 
Spe(^s aided the efforts of those who have sought to construct a 
science of society? 

To such a question it is certainly not easy to give any brief or 
precise answer We find traces of Darwinism almost everywhere* 
Sociological systems differing widely from each other have laid claim 
to ifo authority ; while^ on the other hand, its influence has often 
made itself felt only in combination with other influences. The 
Darwinian thread is worked into a hundred patterns along with 
other threads* 

To deal with the problem, we must, it seems, first of all distinguish 
the more geneml conclusions in regard to the evolution of living 
beings, which are the outcome of Darwinism, from the particular 
explanations it offers of the ways and means by which that evolution 
is effected That is to say, we must, as for as possible, estimate 
separately the influence of Darwin as an evolutionist and Darwin as 
a seleetionist 

The nineteenth century, said Cournot, has witnessed a mighty 
effort to “r^intt^grer Ihomme dans la nature.” From divers quarters 
there has been a methodical reaction against the persistent dualism 
of the Cartesian tradition, which was itself the unconscious heir of 
the Christian tradition. Even the philosophy of the eighteenth 
century, materialistic as were for the most part the tendencies of 
its leaders, seemed to revere man as a being apart, concerning whom 
laws might be fonimlated a pHori. To bring him down from his 
pedestal there was needed the marked predominance of positive 
researches wherein no account was taken of the *^pride of man," There 
can be no doubt that Darwin has done much to familiarise us with 

30 
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this attitude. Take for instance tlio fii’st part of The De»cent of 
Man : it is an accumulation of typical facts, all tending to diminish 
the distance Ijetwecn us and our brothers, the lower animals. One 
niigiit say that the naturalist had here taken as Ids motto, “^Vho- 
Boerer shall exalt himself shall be abased ; and he tliat shall humble 
himself shall be exalted.” Homologous structures, the survival in 
man of certain oigans of aninuils, the rudiments in the animal of 
certain human faculties, a multitude of facts of this sort, led Darwin 
to the conclusion that there is no ground for supposing that the 
“ king of the universe ” is exempt from utuvcrsal laws. Thus belief 
in the imperimn in imperw lias been, as it were, whittled away by 
the progress of the naturalistic spirit, itself continually strengthened 
by the conquests of the natiinil sciences. The tendency may, indeed, 
drag the social sciences into overstmined analogies, such, for instance, 
as the assimilation of sr>cietics to urgaidsms. But it will, at least, 
have had the merit of helping sociology to shake off the pre-cou- 
ception that the groui* formerl by meo are artificial, and that 
history is completely at the mercy of chance. Some years before 
the appearance of The Origin of Species, Auguste Comte had 
pointe<l out the importance, as regards the unification of positive 
knowledge, of the conviction tliat the social world, the last refuge 
of spiritualism, is itself subject to determinism. It cannot be doubted 
that the inovemeut of thouglit wliicli Darwin’s discoveries promoted 
contributed to the spread of tliis conviction, by breaking down the 
traditional l)aiTier which cut man off from Nature. 

But Nature, according to modeni naturalists, is no immutable 
thing: it is rather perpetual movement, continual progression. 
'ITieir discoveries batter a breach directly into the Aristotelian notion 
of species ; they refuse to sec in the animal world a collection of 
immutable types, distinct from all eteniity, and corresponding, as 
Cuvier said, to so many particular thoughts of the Creator. Darwdn 
es|>ccially congratulated himself upon having been able to dejvl this 
doctrine the coup de ffriice: immutability is, he says, his chief 
enemy ; and he is concerned to sliow— therein following np Lyell’s 
work — tliat everything in tlio organic world, as in the inorganic, is 
oxplaincil by insensible but incessant trausfornmtioiis. “Nature 
makes no leaiw" — “Nature knows no gaps”: these two dicta 
form, as it were, the two landmarks ixitweeii which Darwin's idea 
of transformation is worked ouL That is to say, the development of 
Darwinism is calculated to fiirther the application of the philosophy 
of Becoming to the study of human institutions. 

'fhe progress of the natural sciences thus brings unexpected 
reinforcements to the revolution which the progress of historical 
discipline liad begun. Tlic first attempt to constitute an actual 
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science of social phenomena — that, namely, of the economists—liad 
resulted in laws which were called natural, and which were believed 
to be eternal and universal, valid for all times and all places. But 
this perpetuality, brother, as Knies said, of the immutability of the 
old zoology, did not long hold out against the ever swelling tide of 
the historical movement. Knowledge of the transformations that 
had taken place in language, of the early phases of the fimiily, of 
religion, of property, had all favoured the re vival of the Heracliteau 
view : irdvra As to the categojies of political economy, it w^ae 
soon to be recognised, as by Lassalle, tliat they too are only historical. 
The philosophy of history, moreover, gave expression under various 
forms to the same tendency, Hegel declares that ^^all that is real 
is rational,” but at the same time he shows that all that is real is 
ephemeral, and that for history there is nothing fixed beneath the 
suTK It is this sense of univei^sal evolution that Darwin came with 
fresh authority to enlarge. It w^as in the name of biological facts 
themselves that he taught us to see only slow metamorphoses in the 
history of institutions, and to be always ou the outlook for survivals 
side by side with rudimentary forms. Anyone who reads Primitwe 
OvlhiTei by TyIor,~a wTiter closely connected with Darwin — will 
be able to estimate the services which these cardinal ideas were 
to render to the social sciences w^hen the age of comparative re- 
search had succeeded to that of a priori construction. 

Let us note, moreover, that the philosophy of Becoming in passing 
through the Dai'winian biology became, as it were, filtered : it got 
rid of those traces of fiualisin, which, under different forais, it had 
preserved througli all the systems of German Romanticism. Even 
in Ilcrbcrt Spencer, it has been plausibly argued, one can detect 
something of that sort of mystic eonfidciice in forces spontaneously 
directing life, w^hich forms the very essence of those systems. But 
Darwin's observations were precisely calculated to render such an 
hypothesis futile. At first people may have failed to see this ; and we 
call to mind the ponderous sarcasms of Flourens w^hen lie objected 
to the theory of Natural Selection that it attributed to nature a 
power of free choice. "'Nature endowed with will ! That was the 
final enor of last century ; but the nineteenth no longer deals in 
personifications In lact Darwin himself put his readei's on their 
guard against the metaphors he was obliged to use, llie processes 
by winch he explains the survival of the fittest are far from afibrding 
any indication of the design of some transcendent breeder. Nor, if 
we look closely, do they even imply immanent eflbrt in the animal ; 

^ P. Flourens, Examen du Livr& de M. Darmn eur r Origins des EspeceSj p, 53, 
Paris s 1864, See also Huxley^ “ Criticisms on th& Origin of Species Collected Essays, 
Yol. ir, p. 102, London, 1902, 

30—2 
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the sorting out can be broaglit about inechaiiicalljj simply by the 
action of the cnyiroiiment. In this connection Huxley could with 
good reason maintain that Darwin's originality consisted in showing 
how harmonies which hitherto had been taken to imply the agency of 
intelligence and irvill could be explained without any such intervention* 
SOj when later on^ objective sociology declares that, even wiien 
social phenomena are in questionj all finalist preconceptions must 
be distrusted if a science is to be constituted, it is to Darwin that 
its thanks are due ; he had long been clearing paths for it wiiich 
lay well away from the old familiar road trodden by so many theories 
of evolution* 

This anti-finalist doctrine, when fully worked out, was, moreover, 
calculated to aid iu the needful dissociation of two notions : that of 
evolution and that of progi‘ess* In application to society these had 
long been contbiinded ; and, as a consequence, the general idea 
seemed to be that only one type of evolution was here possible* 
Do we not detect such a view in Comte's sociology, and perhaps 
even in Herbert Spencer's? Whoever, indeed, assumes an end for 
evolution is naturally inclined to think that only one road leads to 
that end But those whose minds the Darwinian theory has en- 
lightened are aware that the transformations of living beings depend 
primarily upon their conditions, and that it is these conditions which 
arc the agents of selection from among individual variations* Hence, 
it immediately follows that transformations are not necessarily im- 
provements* Here, Darwin's thought hesitated* Logically his theory 
proves, as Ray Lankester pointed out, that the struggle for existence 
may have as its outcome degeneration as w^ell as amelioration : 
evolution may be regressive as well as progressive* Then, too — 
and this is especially to be borne in mind— each species takes its 
good w^here it finds it, seeks its own |jath and survives as best it 
can* Apply this notion to society and you arrive at the theory of 
multilinear evolution* Divergencies will no longer surprise you* Yon 
will be forewarned not to apply to all civilisations the same measure 
of progress, and you will recognise that types of evolution may differ 
just as social species themselves differ* Have we not here one of the 
conceptions w^hich mark off sociology proper from the old philosophy 
of history ? 

But if we are to estimate the influence of Darwinism upon socio- 
logical conceptions, we must not dwell only upon the w^ay in w^hich 
Darwin impressed the general notion of evolution upon the minds 
of thinkers* We must go into details* We must consider the 
influence of the particidar theories by which he explained the 
mechanism of this evolution* The name of the author of The Origin 
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of Species has been especially attached;^ as everyone knowsj to the 
doctrines of “natural selection'' and of “struggle for existence,” 
completed by the notion of “individual variation.'^ Tliese doctrines 
were turned to account by very diftcrent schools of social philosophy. 
Pessimistic and optimistiCj aristocratic and democratic, individualistic 
and socialistic systems were to war with each other for years by 
casting scraps of Darwinism at each others' heads. 

It was the spectacle of human contrivance that suggested to 
Darvvin his conception of natural selection. It was in studying 
the methods of pigeon breeders that he divined the processes by 
which nature, in the absence of design, obtains analogous results in 
the differentiation of types. As soon as the importance of artificial 
selection in the transformation of species of animals was understood, 
reflection naturally turned to the human species, and the question 
arose, How far do men observe, in connection wdth themselves, 
those laws of which they make practical application in the case of 
animals? Here we come upon one of the ideas which guided the 
researches of Galton, Hanvin's cousin* The author of Inquiries into 
Himum Faeidty mid its Development^ , has often expressed his surprise 
that, considering all the precautions taken, for example, in the breeding 
of horses, none whatever are taken in the breeding of the human 
species* It seems to be forgotten that the species suffers when the 
“fittest'' arc not able to perpetuate their type. Ritchie, in his 
Dar^vinism and Folitim^ reminds us of Darwin's remark tliat the insti- 
tution of the peemge might be defended on the ground that peers, owing 
to the prestige they enjoy, are enabled to select as wives “ the most 
beautiful and channiiig women out of the lower ranks^” But, says 
Galton, it is as often as not “ heiresses ” that they pick out, and birth 
statistics seem to show that these are either less robust or less fecund 
than otliei‘s. The truth is that considerations continue to preside 
over mamage which are entirely foreign to the improvement of type, 
much as this is a condition of genei'al progress. Hence the impor- 
tance of completing Odin's and De Candolle's statistics w^hich are 
designed to show how characters are incorporated in organisms, how 
they are transmitted, how lost, and according to irvhat law eugenic 
elements depart from the mean or return to it. 

But thinkers do not always content themselves with under- 
taking merely the minute researches which the idea of Selection 
suggests. They are eager to defend this or that thesis* In the 
name of this idea certain social anthropologists have recast the 
conception of the process of civilisation, and have affirmed that 

^ Inquiries into Human Faculty ^ pp. 1, 2, S sq[.s London, 18B3. 

“ Darwinism and FolitzeSf pp* 9* 32, London, 1889, 

^ Life and Letters of Charles Daficin, n* p, 385* 
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Social ^ Selection generaUy Avorks against the trend of Natural 
Selection. Vaeher de Lapouge— folloAiing up an observation by 
Broca on the point— enumerates tlie various institutions, or customs, 
such as the celibacy of priests and inilitaiy conscription, which cause 
elimiuation or sterilisation of the bearers of certain superior qualities, 
intellectual or physical In a more general Avay he attacks the 
democratic movement, a movement, as P. Bourget says, which is 
“anti-physical” and contrary to the natural laws of progress; though 
it has been inspired “ by the dreams of that most visionary of all 
centuries, the eighteenth^,” The “Bquality” which levels down and 
mixes (justly condemned, he holds, by the Comte de Gobineau), 
preveute the aristocracy of the blond doliehocephales from holding 
the position and playing the part which, in the interests of all, should 
belong to them. Otto Ammon, in his S^atural Selection in JiHan, 
and in The Social Order a/nd its Natural liases^, defended analogous 
doctrines in (Tcrmany ; setting the curve representing frequency of 
talent over against that of income, he attempted to shoAv that all 
democratic measures which aim at promoting the rise in the social 
scale of the talented are useless, if not dangerous ; that they only 
increase the paiunixia, to the great detriment of the species and of 
society* 

Among the aristocratic theories which Darwinism! has thus in- 
spired we must reckon that of Nietzsche. It is well known that in 
order to complete his philosophy he added biological studies to his 
philological ; and more than once in his remarks upon the Wilh zur 
Maekt he definitely alludes to Darwin ; tliough it must be confessed 
that it is genemlly in order to proclaim the insnfficiejicy of the 
processes by which Darw'in seeks to explain the genesis of species* 
NeyerthelesSj Nietzsche's mind is completely possessed by an ideal 
of Selection. He, too, has a horroi^ of panmixia. The naturalists" 
coneejjtion of ^Hhe fittest” is joined by him to that of the ^4iero” 
of romance to furnish a basis for his doctrine of the Superman. 
Let us hasten to add, moreover, that at the very moment when 
support was being sought in the theory of Selection for the various 
forms of the aristocratic doctrine, those same forms ivere being 
battered down on another side by means of that very theory. 
Attention^ was drawn to the fact that by virtue of the laws which 
parwin himself had discovered isolation leads to etiolation. ITiere 
is a risk that the privilege which withdraws the privileged elements 
of Society from competition will cause them to degenerate. In fact, 
Jacoby in his Studies m SeleetioUj in mrniexion with Heredity in 

^ T. de Lapouge, Les S€lections p. 259 , Paris, X 896 . 

“ Bie nMUrliOu/ Aude»e beim Menschen, Jena, 1893; Die Geselhcha/teordnmg und ihre 
naUirhchen Grundbigen. Sntwurf einer SozuLlanthropologie, Jmsi, 1896 , 



(c) The Complete Work of Charles Darwin Online 



471 



Struggle for 

jtffffi^ coiicliidoH that “Btcrility, mental debility, preiimture ileath and, 
flfially, the extinction of the stock were not Hiw>eially and exchmively 
the fiitc of fiovercigii dynasties; all privil^eci daum^, all faiiiiliea in 
cxcluMivdy elevated positions share the fate of reifrtiinic familiea, 
although ill a minor degree and in direct pm[iorlioii to the loftini^iH 
of their aocial standing. From the inaas of hiiiiuiti tieingn spring 
indivtdtiaK familie*, races, which tend to raise themselves atiove the 
comiiMm level ; painMly they climb the rugged heights, attain the 
summits of power, of wealtlL of intelligetioe, of talent, and then, no 
lootier are they there than they topple down and dUip)iear in fulfil 
of mental ami ph.vgical degeneracy-** The ilenK>gra|ihical researrhes 
of Hansen* (following up and cmnpletiiig Ihimoiit s) teisied, itMlecd, 
to show that urban as well as feudal aristocnicies, Imrgher classes 
as well as noble castes, were liable to become effete- Hence it might 
well be concluded that the democratic movement, oficratitig as it d^ies 
to break down class barriers, was promoting iiisteail of im|iediiig 
human selection. 

Ho we see that, according to the |ioint of view, very flitteretit 
concluNums have been drawm from the appUcnIion of the Durwiniaii 
irlca of Helectioii to human society, l^rwiii^s other ceiitTal ideii, 
rdoHoly boiiml up with this, that, immdy, (if the *‘Htrugglo for 
existence” also has been diversely utilised, lint disc^nssiou has 
childly centered upon its signification. And while some endeavour 
to exteiifl its application to everything, we find others trying to 
limit its range. The conception of a ‘‘struggle for exiskuiee” has in 
the present day been taken up into the social sciences from naliiral 
science, and adopteiL But origmally it desceiide<l from social science 
to itatiiraL Danrin's law is, he himself said, only Mallhus* law 
generalised and extended to the animal world : a growing dis|im- 
portion between the suf^ly of food and the nunilier of the living is 
the fatal order whence arisen the necessity of universal struggle, a 
struggle which, to the great advantage of the species, allosrs only 
the best ec|uipped individnals to survive^ Nature is reganied by 
Huxley as an immense arena where all living beings are gladiators* 

Such a general^ation was well adapted to feed the stream of 
pessimistic thought ; and it furnifihe*! to the a|K>logisls of war, in 
particular, new arguments, weighted with all the authority which in 
these days attaches to edentific deliverancoa If people no longer 
say, as Bonald did, and Moltke after him, that war is a providential 

* #iir tfi daiu tkitiditi cfciri Pwii, |i* ISI, 

imi. 

■ OU Munich, 10S9, 

• and Kthictt p. 200; ColUcUd E»tayi^ toI. ii, London, IMB4. 
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fact, they yet lay stress od the point that it is a natural fact. To the 
peace party Dragoinirov's objection is urged that its attempts are 
conti'ary to the fiinilainental laws of nature, and that no sea wall can 
hold against breakers that (xime with such gathered force. 

But in yet another quarter Darwinism was represented as opposed 
to philanthropic intervention* ITie defenders of the orthodox political 
economy found in it support for their tenets. Since in the oi^uic 
world uniYersal struggle is the condition of progress, it seemed 
obvious that froe comi>etition must be allowed to reign unchecked in 
the economic world* Attempts to curb it were in the highest degree 
imprudent. The spirit of Liberalism here seemed in conformity with 
the trend of nature : in this respect, at least, conteinpomry iiatiinilism, 
oflspriiig of the discovei'ics of the nineteenth century, brought rein- 
forcements to the individualist doctrine, begotten of the speculations 
of the eighteenth : but only, it appeared, to turn inankind away for 
ever from humanitarian dreama Would those whom such conclusions 
repelled be content to oppose to nature's imperatives only the pro- 
tests of the h^rt ? There were some who declared, like Brunctifere, 
that the laws iu question, valid though they might be for the animal 
kingdom, were not applicable to the human. And so a return was 
made to the classic dualism. This imleed seems to be the line that 
Huxley took, when, for itistauce, lie opposed to the cosmic process 
an ethical process which was its reverse. 

But the number of thinkers wdiom this antithesis does not satisfy 
grows rlaily. Although the pessimism which claims authorisation 
from iMrwin's doctrines is repugnant to them, they still are unable 
to accept the dualism wdiich leaves a gulf betw'een man and nature. 
And their endeavour is to link the two by showing that while Darwin’s 
laws obtain in both kingdoms, the conditions of their application are 
not the same : their forms, and, consequently, their results, vary with 
the varying mediums in which the struggle of living beings takes 
place, with the means these beings have at disposal, with the ends 
even whicli they propose to themselves. 

Here we have the explanation of the fact that among determined 
opponents of [war partisans of the “ struggle for existence ” can be 
found : there are disciples of Darwin in the {leace party, Novicow, 
for example, admits the nniversd'^ of w'hich Lse Dantcc^ 

speaks; but he remarks that at different stages of evolution, at 
different stages of life the same weapons are not necessarily employed 
Stni^les of brute force, armed hand to hand conflicts, may have been 
a necessity in the ^rly phases of human societies. Nowadays, 
although competition may remain inevitable and indispensable, it 
can assume milder forms* Economic rivalries, struggles between 

' Lf§ LutUt entTe Soci€t€» ktunaimi et leur» phfuet iueeenfipetf Pftfis, 1893. 
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intollectual Kuflico to Htimulate jiroi^reKrt : tlio pnx^eflHCtt 

wliich the»e admit are, tii the actual state of ciriliaalioti, the imly 
ones whifdi attain their end without waste, the only ones logieaL 
From one end to the other of the ladder of life, struggle is the order 
of the day ; but more and more as the higher rungs are reached, it 
takes on characters which are proportionately more humane."' 

Reflections of this kind permit the iiitrotluetioEi into the ecxjiiomic 
order of Hmitations to the doctrine of “laisser faire, laisscr passer, 
This appeals, it is said, to the example of nature where creatures, left 
to themselves, struggle without truce and withmit mercy ; hut the 
fact is forgotten that upon imiiiHtinul battlefields the coiiditiotis are 
diilereiit The coinjietitors here are nut left simply to their natural 
energies : they are variously handicapped A rich store of artifleial 
resources exists in which s<»iue participate and others do not The 
sides then arc unequal ; and as a oonseciuenee the result of the struggle 
is fUstfied “ In the animal world*^ said De Lslveleye^ criticising 
Spencer, “ the fiite of each creature is determined by its imlividual 
qualities ; whereas in civiUsefl societies a man may obtain the highest 
position and the most beautiful wife because he is rich and welbbom, 
although he may lie ugly, iille or iiiiprovideiit ; and then it is he who 
will perpetuate the siiedes- The wealthy man, ill constituted, in- 
capable, sickly, oiyoys his riclies and establislies his stock under the 
protection of the law's/^ llaycmft in ICngland and Jentsch in Germany 
imve strongly emptiasised tlicHe anoinalies/* whicli nevertheless are 
the rule. That is to say that even from a llarwiiiiatt imiiit of view 
all social reforms can readily be justified which aim at diiiiinisliiiig, 
as Wallace saiil, inequalities at die start 

But we can go farther still Whence comes the idea that aU 
measures inspired by the sentiment of solidarity are contrary to 
Nature's trend ? Observe her carefully, and she will not give lessons 
only in itidividuaUsiiL Side by side with the struggle for existence 
do we not find in oiiemtioii what Laiiessan calls “a«»odaiion for 
existence.” Long ago, Kspinas hud dniwti attention to “societies of 
atiimals” toinporary or [lornmiient, and to the kind of morality that 
arose in them. Since tlieii, naturalists liave often insisted iqion tlie 
ini]>ortatice of various foniis of synibiosis. KroiMitkin in Mtdiird 
Aid has chosen to enumerate many examples of altruism furnished 
by animals to mankiiKl fieddes and ThoniMm went so far as to main- 
tain that “ Each of the greater steps of progress is in hd associated 
with an increased measure of subordination of imltvidual com[ietition 
to reproductive or social ends, and of inlerspecific competition to 
co-operative asstjciatioii*,'' Experience shows, actxnditig to Geddes, 

1 X# eonltmpormn^ p. BS4 (Gtb edit.), Pwrii, 1891. 

■ Geddes snd Thomnoo , Thi Evolution of Sejr, p- SI I, London, 1889. 
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tlio tyjHw wliic'li are fittest to surmount great oliHtticleii fire not 
MO iniic4i lln»Mc' who eiigngi' in the fiercest comjH'titlve ntniggle for 
exlMleiiee, m wJmi contrive to temper it Fnnii all thi*Me olMcrva- 
timiM tlii'n' n«Miilte«t al<»ng with a liinitation of Darwinian |iOMiiiiiiatii, 
mnne enconnigvtiictit for the aapiratioiig of the colloctiTiwUi 

Anti Darwin hiriiaelf woalti donbtleMR, have auhacriliefl to Ihew 
rrrfiflcathaia He never loaMed, fite im rivaL WaUaea, ti|iiin the 
nenwltv of the aolttarr MtriMtgle cf crealareM in a itate of natnre, 
each fiir hiitwlf and a^n«t all On the eoo^aiw, in The /Vjmil 
JHam, he |M>inted out the terrioeableDesB of the aodal itvitinrUi* and 
cofTrdwivaled liaceh«tt « etatevnent^ when the latter, appljiita law* of 
phvrica to pfdttkw, allowed the eieat adrantaice aodetiea drrited fWioi 
hHematfae and mtimtiniofL Again, the thcorr of aemal eridution 
which makea the emlution of trpeg depend tocreaMinidy upon prefer* 
eticaa jurtirmctiU, mefital fact ora snrelv offetw aotnething to quaJify 
what aretna hard and brutal m the tbeorr of tiaturml aelertioiL 

But, aa often happetui with diddjdes, the Darwiniaim hail out* 
Ihirwirierl Darwin. Ihe extraTagancies of social Darwinism |vn»?okcd 
a iificTiil nwctioii ; and thus people were led to seek, eTcn In t he 
aiiitiml kliigitoiii, for facets id sotidaritj which would aerve Ut Justify 
hiiiiiiifio HIbrt, 

On qiilto iintJtlior lino^ Iioweyer^ an attenipt Iihh heun made to 
coiiiit*i(!t sorInliNt iendcucicH with Darwinian principUm, Marx anil 
Darwin hiivo Iwon coiifmiitcd ; and WTiters have uiidcrtakcn to show 
llifil the work of tlio (leniian philosopher fell reailily into line with 
that of the Ktigllsli nattimlist and was a developiiierit of it» Such haa 
iietui the etii tear our of Ferri in Italy and of Woltmann in t•c^1mlly, 
not to mention otlieix The founds of ^scientific sradaliiun * hatl, 
morpover, themiielres thought of this recoocifiation. They make moea 
than one allnslon Ui IWwin in work which appeared after IflAfii 
And antnefimei they me his theory to define by contra^ their i»wn 
Meal They revnarfc that the capitalist ii%-4ein . by giving free cnwiwa 
Ui imlivirlual competithivi, etids indeed in a M/mr MMitMi malrvi 
ftmmm ; ami they make it dear that Darwimm thw vnderst4io(L k 
aw repugnant to them as to Diihring. 

But it b at the «rtenriftc and not at tbe moral point of view that 
they pkee thenwdvca wben they connect Aeir eoonomie hlmory with 
Dvwin'a woHl Thankii to this tmifying hypothesia they claiiii to 
have ciitMtnirtrvI — ai Marx does in pr^ce to Ikts Knpitt$l a 
veritaMe natural hiiit4»ry of social eTolution. Kngchi xfieakt in 
(ifaipic of hU Wciid Marx aa having discovered the true maiiiNpring 
of Iilfit4>ry lilfliten iiniler the veil of id^lism and senliiiietiiuliNiii, mid 
fia liiiving pfiK*laiine<l in tlio primum vimre the inevitiilih^nciiM of 
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the wtrn^^le for existence, Marx hiinself, in Koptful^ tiuHcalied 
another atialogy when he dwelt upon the iiii]iortaiiee ttt a iceiieml 
tcehinilfi^y for the explanation of thia jwyclHiIogj' : — n hlwfory of 
tools which would be to social ot^ns what Darwinism is to the 
orj^nuis of animal species. And the tery iniiKirtancc they attach to 
tools, to appnmitia to machine^ abundantly pnirtw that neither 
Marx nor Kngela were likely to forj^et the special cliamcterH which 
mark off the hiimati woiid from the aiiiiiiaL The former always 
miiatm to a frreat extent an anifiotal workL liiTentions cliaiige the 
fiice of ita institations. New modes of prodiicticni rerfdiitionise 
not only modo« of goTcmment, but modes eren of collective thoiighL 
Therefore it is that the eTolution of society is enntndled by laws 
special to it, of which the spectacle of nature olfeni no sii| 0 Ci*sttofL 

If, Iwjwever, even in this special sj^ere, it can still be ur)ced that 
the evolution of the material coiwlitioiis of Ma*tely Is in aecorfl with 
Darwiti*s theory, it is because the iBfiuence of the metluMls of pnidiic- 
tion is itself to be explained by the inceiwant strife of the various 
claisaw with each other. So that in the end Miirx, like Dnrwiii, 
finds the source of all progress in struggle. Both are grandsons 
of lleniclitiiH Trar^jp wAmmp, It s<»iiietinies hap|>ens, in 

these days, that the doctrine of revnlutioiiary sc wild ism is eontmsted 
as rinb and healthy with what may seem to be tlie enervatiTig 
tendency c>f *^solidarist'^ philanthropy: the apolc^gists of the doetrino 
thtai pride themselves above all upon their faitldYdnesH to Darwinian 
priiicdples. 

Ho far we have been mainly coiicenied to show^ the use that social 
philcmophies have made of the Darwinian laws for pmcticHl purls wes : 
ill c^r^Ie^ to orientate society towards their ideals each school tries to 
show that the authority’ of natural science is on its side. But even 
in the most objective of theories, those which systemalically make 
abstraction of all political tendencies in order to study the social 
reality in itaelf, traces of Darwinism are readily to lie fouml 

Let iw take for example Durfcbeim's theory’ of Division of [jilmtir^ 
The omiclusiom be derives from it are that whenever {iroreMsIoiial 
fl|ieeiaIisation causes multitdication of distinct limtiehes of activity, 
we get organic solidarity — implying dilfei^iicea--«ulistitute<l for 
mechanical aolhlarity, based upon likenesses. Tlie umbilical coni, as 
Marx saifi, which connects the individual coiiscioiisiiess with the 
colleetive eoiisciousness is cut The pemmality liccoitim more and 
more emaiicijiatecL But on what does this phenotticnoii, so big with 
coiiM<M|ueiices, itself depend ? The author goes t4> social itmrphology 
for the answer: it is, he says, the growing density td )sipi]Iatioii 
which brings with it this increasing difterentiation of at:tivltim But, 

^ De la Divuian du TTavail tociaij Parii, 
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wiiy ? Hucmiiho tlio greater density, in thrimtlng ttimi up 
HgiiinHt euf'ii ntlier, iiiigiiieiiti^ tile ititensity of tlieircoiii|ic*tiUoii for the 
tiii'titiii of eiititciice ; and for the probleuiis which wiciety thui* Iiim to 
fai*!* difrert'iitiHtioii of funetiond preaeniB iteelf as the geiilleiit fNiliiiiotu 
Here one ieun that the writer borrows directly fnHii llwrwiti, 
Corii|ietition b at iu tiiaximiiiii between sitnilart, Ikarwiti bail de- 
flarr^l ; different iipcciea, not laying daim to the imie fouil; eimld 
more fwily roexinL Here lay the explanation of the fmei iimi upon 
the NMK* tiak huiidredfi of different inaectg might be ftHiDiL Other 
thiiign Mug ei|iiah the rtame apfdies to society. He who AtKie aoiiie 
uii^l4»{jCnl M{ieciality pnaieauea a mean^ of his own for getting a liritig. 
It is by this dirUion ot their mtiifold ta^ that tnen contrire ikH to 
miiih each other. Here we obriott^y hare a Darwinian law aerriiig 
aa iiiterm^liaiT in the explanation iff that progte* of dirMon of 
lalnair which itaelf explains so mach in the sewial eToltition, 

Aim! we miglit take another exam[de, at the other end of the 
series of aoHologitml Nysteniit G, Tarde is a sociologist with ti»e most 
pmnnitiictHi Htati tmtumlisUc liewa. He has atteiiipteil to aiiciw that 
nil npplk^ittoii of the laws of iiatuml science to society is iiiisloaditig, 
111 Ills OpfMmtfiiii Univrrselle he has directly eamiviiUMl nil foniis of 
s<K*iolugicjil DnrwiiiiMiEi, According to him tlic iden tiini tlui ovolii* 
tioii of Kuduty can Im tmeed on the same plan as the ovnliitioii of 
Hpo( ii^w is (^liiiuerical Modal evolution is at the iiiercy of all kiiirlM of 
liiveiilJtmH, wlilcli liy virtue of tlie laws of imitation modify, tliroiigli 
Individual to Individ mil, throiigb neighbourhood to iieighlKuiriioml, 
the geneml iliite of tliosc beliefs and desircfi which are the only 
i|iijiiiUticfi** wtiose variation matters to the soctolitgist. But, It may 
lie rejoiiii^fh that however psychical the foroes may be, they are none 
the \em siihjo«*t to Ikirwjiiian laws. They compete with each other ; 
they struggle for the mastery of minds. Between types of Ideas, as 
lietweeti organic foniM, selection operateis. And though it may be 
that these ty|ies are ushered into the araia hj unexpected discoveries, 
we vet reengtiise in the p^cbdogical aoddenta, which Tarde places at 
the base of every thing, near retatives of tiiose small accidental vmria* 
tioiM U|Mwi which Ikarwin buiMa Thus, acoepCitig Tarde*s own rr|jrr- 
smtatiufia, it is i|uit« ^wihle to exjwess in Darwinian ierfus, with 
the oeceiMry Inmspmdtkiiis, one of the most idealistic sociologies 
that liare ever been oocaitnicted 

Thfwe few exatu|4cs tmflioe. They enable us to estliitate the 
ext4*iit Ilf the fleld of influence of DarwinisttL. It afllects sociologj 
not only tlimngh the agency of its advocates but thrmigh Uial of its 
op|M}iieitla 'Hie i|iiet4iio]iiiig)j to which it has given rise have proved 
no leas fruitful than the soltiiioiiB it has siiggestefi In nliort, few 
diKiriiuw, in the history of social philosophy, will have priHinctKl on 
tlidr imssage a (liicr onierup of ideas. 
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XXIV 

THE INFLUENCE OF DAKWIN lUHlN 
REUGIOUS THOUGHT 

Bt P. X. Wacoktt, M.A^ KHJ.E 

L 

Tnb alf^ect of tUi p^ier i» im to point ont crrlafai rkaMola 
of tlw Uorwiniui i n fl n e n ce opoo Rciigtow thong fc t, nad tWn to ifcoo 
rMMM for tW coodo^oa tint h hmm bccoi, frtw a Oirfnkn point of 
rirw, ntfa fnc tory. I shall not pr u cocd ftiilhrr to nrfv that the 
Chrktiaii apuluf(ctic in relatioo to biologjr hae been w Mi i 'o rf iil. A 
rarirt; of opinkMM iut be held on thb iiumthMi, wltlMHit dIeturliitBt 
the conriiisiun that the moTetnento of rew^iiattiicnt hare timi latH'- 
flrial to thowe who remain Chmtiaiiii, uhI thia bjr tiiakliiK tlii’iii more 
ChrlHtiitii mill not only more liberal. Tlio tlieoloKiHiw iiiny ■oiiietliiiiw 
Imve retreated, hut there bail been an mlvaiu'e of IbeoloKy. I know 
lliat MiIh aeeoimt iucurB the charge of o|>tlnilHni, It la not the worst 
that I'oiihl be made. The infliieiicu Ima been llmlled In iHiraonid 
miiKe, miiH(iiaI, even divergent, in o]H)ratlon, and aeeoin|miiliMl by 
the Kp|M<araiice of waste and iiiiHcbievoiio proiliii'tN. I1ie eMtiiiiate 
wlilrh followa miaircs for due baluKe a ftilt derelo|Hiiriit of tnatij 
((uaHfj liift oonsideratioDs. For this I lark s|Mce, but I iniiM at loaiB 
dUtinguUh my view fhan the popular one that our iliRkiiltitw alamt 
rrUgkai and natural science hare eone to an end 

OanrernhiB the ddo- qneatiooa abonl urifioa tho oHfin of lha 
worM, of speriea, of m an, of reaaon, ooaaciriMwv relimian- « laiirt 
aMOMwe of anderwtamfing has been r eac h ed by aoM thuamhiftil mm. 
Rot meanwhile new qnestioiH hnre ariam, qwathma about condnet, 
refardimt both the rrafity of aMwale and the rule of ri(hl arthm for 
taArfchmli and aocieCiea. And theee prnhirma, atiU fhr frnm aulwUun, 
may alao ba traced to tike influence of Darwin For they ariae from 
the renewed attention to heredity, br o nu b t alaiut by the aaarch far 
the 'Cnm e a' of rariation, without which the audy of the arlei-tlun of 
rmriatfana hea no sufficiait basM. 

Kren the exkting understanding about oriicin* h very far from 
unirenad. On these points there were always thougfatfal men who 
ileninl the necessity of conflict, and there are still tlimiglitful men 
who deny the {wmsibility of a truce. 
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It miiHt flirtlier I>e reiiieiiihDrod that tlio oarlior diHcti>mi<m tioWp m 
I to 14I10W, prcMlticiiig favoiimlile createfl iilni> fur a titiie 

grate tlaniage, not orilj in the difiturljance of &ith anil the Ioim of 
nien — a lorn not repair^ by a change in the cuirentfi of flebate — but 
in what I beliere to be a f^ill mure nerimia respect. I mean the 
intniduction of a haMt of fadle and ontCMted hypotbenis in religiotifi 
as in other defiartmcntii of thought. 

Ihirwin in not ros|KmHibIe for thin, but liu in in ]»art tlie oiiiho of 
it (heat \ilv;m are dungurmiH guentH in iium»w mimlH; ami tims it 
haM hiiii[ientNl that Ihirwin^ — tliu most laitieiii of Kcieiitific worIcerH, in 
whom hypoihetiiii waile<l upon mtearcli^ or if it pmriHioiiallj out- 
stepped it did so only with the tnosl smipulocb^ly careful acfcimwledg- 
meiit — has led smaUer and Usm ci»iisctctitious men in natural science, 
in history^ and in theology to an orer -eager confidcfice in |in>bable 
coi^ecttirc and a loose grip ti|ioii the facts of cx|>erieiK^. It in not 
too Hindi to nay that in many i|uartom the age of materialism was 
the least matter-of-fact age coticdrablep ami the age of Ncieiice the 
age which showed least of the patient temper of iiMiuiiyr. 

1 hare imlicaled, as sb<»rtly as I eoahL some losses and ilangen 
which in a liahuiced account of Ihinrin s influence would be discisssed 
at length. 

One other lota must be inentiotied. It is a defect tii our ihougfal 
wliichp in some i|nartcm, lias by itself ahmist mnctdkMl all the ad van- 
tagoH Mecureil I mean the oxaggemted emphasis on imlfoniiity or 
eoiitimiity ; the unwillingness to rest any |sirt of faith or of our 
practical exi»eetatioii ufKin anything lliat from any point of view 
can be talleii exce|itioiiaL The high degree of succmi reached by 
tiaturmlists in tracing, or reauonablT cmtiecturing, the small begin- 
nings vf gnat iltflerencns has led the inctmsi<krrmle to believe that 
anything may iti lina^ bocome anything else. 

It is true that this exaggemtioii of the lielicf in iiniforiiiity has 
lirodiiced in turn its omi porilouN imciiotL Frmii refiiNing to lielleve 
whatever can lie ailldl exceptiotiHh some liavo come to believe 
wliatever can lie calleil woiiderfuL 

Bu 4 on the whole;, ibe discofitiiiuous or highly vmrkHis character 
of experience received fur many years too little flelibermte attenlioiL 
The coDception of utiifomiity which is a necoMity <if scietittfie de- 
scription has bei^n taken fur the siilwtaiioe of history. We tiave 
aecepteil a ]H)sliilaie of Hcieiitifie niethial as if it were a eotieliiNioii 
of H(*ientiiic diuiionstnitioiL In the name of a genenilisiiiioii wlildi, 
however just on the lines of a iNirttciilar inethoil, is the prise of a 
difficult exploit of reflexion, we have discarded the direct impressions 
of experience ; or, perhaps it is mure true to my^ we have used for 
the criticisai t»f alk^ged ex|ierienci 9 s a doctrine ^ uniformity which 
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m only valid in the region of abstract Boieiice. For every Bcieiica 
depends for its advance upon limitation of attention, ui>on the 
selection out of the whole content of eoimcioiisneBS of that part or 
aspect which m measurable by the method of the science. Accord- 
ingly there is a science of life which rightly displays the unity 
underlying all its manifestations. But there is another view of life, 
e<pially valid, and practically sometimes more iinjKirtant, wliich 
recognises the immediate and lasting etlect of crisis, diflerence, and 
revolution. Our ardour for the demonstration of uiiifurmi ty of process 
and of minute continuous change needs to be balanced by a recogni- 
tion of the catastrophic element in experience, and also by a 
recognition of the exceptional signiheaiico for us of events which 
may be perfectly regular from an impersonal point of view. 

An exorbitant jealousy of miracle, revelation, and ultimate moral 
distinctions has been imported from evolutionary science into 
religious thought And it has been a damaging influence, because 
it has taken mcifs attention from facts, and fixed them uik>ij 
theories. 



II. 

With this acknowdodgment of important drawbacks, iwiiiiriiig 
many w'ords for their proper description, I proceed to indicate certain 
results of Darwins doctrine which I believe to be in the long run 
wholly beneficial to Christian thought Tliese are: 

The encoimigemeut in theology of that evolutionary method of 
ol^ervatioii and study, which has shaped all modern research : 

The recoil of Christian apologetics tow ards the ground of religious 
experience, a recoil produced by the pressure of scientific criticism 
u(K)ii other supi>orts of faith : 

Tlie restatement, or the recovery of ancient foruis of statement, of 
the doctrines of Creation and of divine Design in Nature, consequent 
upon the discussion of evolution and of natural selection as its 
guiding factor. 

(1) The first of these is quite possibly the most imiiortant of all. 
It was well defined iu a notable paper read by Dr Core, now Bishop 
of Birmingham, to the Church Congress at Shrewsbury in 1896. We 
have learnt a new' caution both in ascribing and in denying sigtiifi- 
canec to items of evidence, in utterance or in event. There has licen, 
aa in art, a study of values, which secures persiiective and solidity in 
our representation of facts. On the one hand, a given utterance or 
event cannot be drawTi into evidence as if all items were of e(|ual 
consecjuence, like sovereigns in a bag. The question whence and 
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whither inUHt l>e aHked, and tlie particular thing nioaHiircd as part of 
a aeriea Thus measured it in not lem truly importfiiit, but it may be 
important in a lower degree. On the other hand, and for exactly the 
same reason, nothing that is real is iiiiimportaiit. The “ hiilurea'^ 
are not mere mbtakea We see them, in St Augustine’s words, as 
** scholars faults which men praise in hope of fruit" 

We cannot safely trace the origin of the evolutionistic method to 
the influence of natural science, Tlie view is tenable that theology 
led the way. Probably this is a case of alternate and rcciiirocal debt 
Quite certainly the evolutionist method in theolog>\ in Christian 
history, and in the estimate of scripture, has receive<l vast reinforce- 
ment from biology, in which evolution has been the ever present and 
ever victorious conception. 

(2) The second effect named is the new willingness of Christian 
thinkers to take definite account of religious exjieriettce. This is 
relatcnl to Darwin through the general pressure upon religious faith 
of seieiitifie criticism. The great advance of our knowledge of 
organisms has been an important element in the general advance of 
science. It has acted, by the varied requirements of the theory of 
organisms, upon all other branches of natural inquiry, and it held 
for a long time that leading place in public attention which is now 
occupied by speculative phjsica Consetiueiitly it contribute<l largely 
to our present estimation of science as the supreme judge in all 
matters of iiicpiiry', to the supposed destruction of mystery and the 
<lispamgement of metaphysic which marked the last age, as w'cll as 
to the just rccoinmcndaiton of scientific method in braneht^ of 
leaniing where the direct acxiiiisitions of natural science had no 
place. 

Besides this, the new application of the idea of law and mechanical 
regularity to the organic world seemed to rob faith of a kind of 
refuge, llie roitiaiitics had, as Berthelot* shows, appealed to life to 
redress the judgmeiitH drawn from mechanism. Now, in Hiiencer, 
evolutifin gave us a vitalist mechanic or mechanical vitalism, and the 
appeal seemed cut off. We may return to this point later when we ctm- 
sider evolution ; at present I only endeavour to indicate that general 
pressure of scientific criticism which drove men of faith to seek the 
grounds of reassurance in a science of their owni ; in a method of 
ex(>er]ment. of olMervation, of hy^iothesis checked by known facta It 
is iinpossiblo for me to do more than glance across tlie threshold of 
this subject. But it is necessary to say that the method is iti an 
elementary stage of revival, l^e imposing success that belongs to 

’ F, R. Teiuuoit : of God In the light of Phjw^ Sciende.'* in Esm§i m 

MHC tJMdficvJ f ^ iki . LoiidoD, 

* Evoirniiomsme €t PleKmifew, pp. 4$, 44, 47. PWrii, 1908. 
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natiiml Mclisnco in abHent: we fall Bliort of the imehallenKealilo 
iirmiiimliy of the Biulo^p8t» on fuiidainetittilH. 'Hie ex|K)rlmmitJil 
niettuMi wilh iU Hure repetitions cannot bo iippiied U* oiir fliibjeet- 
matter. Hut we hare somellitng tike the obNervatimial tnethiKl of 
palac4Mil4)lfig7 ami geo^phical distribution ; ami in blohigy there 
are still men who ^ink that the large examination of varieties bj 
way of geoginphj and the search of strata is as Inily scientific, ttses 
as genuinely the logical method of diSerence, and is as fruitful iti 
sore conclusions as the qaad-cbemical aoaljiis ot Memleltan laburm' 
lory work, f»f which faml I desire to expras iny homble admirmtifiii. 
Religioct also has its obsenrational wort in the larger and pombly 
more ardnoos manner. 

But the sciratific w€xrk in religioii makes its way through dtffi^ 
collies and datigem We are &r from haring found the formula of 
its combinatiofi with the htstorical ektoentJi €if our aprdngetic. It is 
ex|MMied, therefore, to a damaging fire not only from unsjurituaJist 
psychology and fsithology bat also from the side of scholastic dogma. 
It is liarti to ailiiiit on equal terms a partner to the old iindividefl 
nile of IsKiks and leaniing. With Charles I 4 U 11 I 1 , we cry in some 
distn^HH, **iinjrtt knowledge come to me, if it CMuno at nil, by some 
awkwiml ex|KTimeni of intuition, and no longer by this familiar 
[>ro(5UHH of reading’?*' ami we are auMW'cred that the old pnu^eHH luis an 
iiiipt^riHluiblo valtie, tmly have not yet nifide dear IIh eomiiH<:tion 
witli other emitrilmtioiiH. And all the weak is young, liable to be 
drawn into nn profitable excurBionB, Bule-tmeked by sedf-detadt and 
pretence ; ami it fatally attracts, like the older niystieisiii, the 
curiosity and the exiiository powers of those hust in synqsithy with 
it, ready writen* win with all the air of extended reseurch, have lieen 
content with namm grounds for inductioiL There is a danger, 
besidiw, which acctmiiiatiies ereti the most geiiiiiiK* work of this 
science aisl iiiurtt be provided against by all its scrh>iis slmlents. 
I mean the danger of unbalanced introspcctioti tsHh fur ioclivtdtiab 
and for societies; of a preoccopatloa comparable to our itMHirm 
social preocrupatJoii with bodilT health; of reflexion u|mici mental 
slates not aocofnpanicd fay exercise and growth of the metiial powers ; 
the danger of contempfaiUDg will and neglectiiig work* of analysitig 
cofiviclioii and not critiewing eridence 

Still, In spile of dangeis and im.^4akes, the work remains full of 
lm[a*ftil indications, and, in the best examples*, it is truly scientific in 
its dcteniiinaticm to know the verr truth, to tell wliat we think, not 

> !•/ ** Kew p. 41 ; Aiiig«ir*i edilion. Litmloti, IISHI. 

* Hu»oh sn I’tMnple in in Bsrem F. Tcm rrot'tiilj Sninbed Isxik, lha faatilt 

of Ihifijr yiNira* roaeareb : Tk^ KlnneRi of Hftifiion^ ai In Saint Vatkerin* 

tf OetuMi and h^r I^ViindM. London, 1908 . 
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what we think we ouglit to think ^ truly scientihc in its employment 
of hypothesis and verification, and in growing conviction of the reality 
of its subject-matter through the repeated victories of a mastery 
which advances, like seieiicc, in the Baconian road of obedience. It 
is reasonable to hope that progress in this respect will be more rapid 
and sure when religious study enlists more men affected by scientific 
desire and endowed with scientific capacity. 

The class of investigating minds is a small one, possibly even 
smaller than that of reflecting minds. Very few persons at any 
period are able to find out anything whatever. There are few 
observers, few discoverers, few who even wish to discover tnith. In 
how many societies the problems of philology which face every person 
who speaks English are left unattempted I And if the inquiring or 
the successfully inquiring class of minds is small, much smaller, of 
course, is the class of those possessing the scientific aptitude in an 
eminent degi^ea During the last ago this most distinguished class 
was to a very great extent absorbed in the study of phenomena, a 
study which had fallen into arrears. For we stood possessed, in rudi- 
ment, of means of observation, means for travelling and acquisition, 
qualifying men for a larger knowledge than had yet been attempted. 
These were now to be directed ^\ith new accuracy and ardour upon 
the fabric and behaviour of the world of sense. Our debt to the 
great masters in physical science who overtook and almost out- 
stripped the task cannot be Toeasured ; and, under the honourable 
leadership of Ruskin, we may all M^ell do penance if Ave have failed 
‘rin the respect due to their gi'eat powei’s of thought, or in the 
admiration due to the far scope of their discovery With what 
miraculous mental energy and divine good fortune— as Romans said 
of tlicir soldiers — did oiir men of curiosity face the apparently im- 
penetrable mysteries of nature I And how natural it was that 
immense accessions of knowledge, unrelated to the spiritual facts 
of life, should discredit Christian faith, by the apparent superiority 
of the new work to the feeble and unprogressive knowledge of 
Christian believers ! The day is coming when men of this mental 
character and rank, of this curiosity, this energy and this good 
fortune in investigation, will be employed in opening mysteries of 
a spiritual nature. They will silence Avith masterful Avitness the 
over-confident denials of naturalism. They Avill be in danger of the 
AAudespread recognition which thirty years ago aceomx>anied every 
utterance of Huxley, Tyndall, Spencer, Tliey Avill contribute, in 

' G, Tyrrell, in Mediaevali^mi has a chapter which is full of the important 
element in a scientific attitnda, The only infallible gnardian of truth is the spirit of 
truthfulness.” Mediaevalum^ p. 1S2, London, 1908. 

^ 0 / the Ait^ Preface, p, vii, London, 1908, 
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spite of adulatioti, to the advance of sober religious and moral 
science. 

And this result Vrill be due to Darwin, first because by raising the 
dignity of natural science, he encouraged the development of the 
scientific mind ; secondly because ho gave to religious students the 
example of patient and ardent investigation ; and thirdly because by 
the pressure of naturalistic criticism the religious have been driven 
to ascertain the causes of their own convictions^ a work in which they 
were not without the sympathy of men of science \ 

In leaving the subject of scientific religious inquiry, I will only 
add that I do not beUeve it receives any important help — and 
certainly it suffers incidentally much damaging intemiption—from 
the study of abnormal manifestations or abnormal conditions of 
personality. 

(3) Both of the above effects seem to me of high, perhaps the 
very highest, importance to faith and to thought But, under the 
third head, I name two which are more directly traceable to the 
personal work of Darwin, and more definitely characteristic of the age 
ill which his influence was paramount : viz, the influence of the two 
conceptions of evolution and natural selection upon the doctrine of 
creation and of design respectively. 

It is impossible here, though it is necessary for a complete sketch 
of the matter, to distinguish the different elements and channels of 
this Darwinian influence ; in Darwiif s own writings, in the vigorous 
polemic of Huxley, and strangely enough, but very actually for 
popular thought, in the teaching of the deflnitely anti-Darwinian 
evolutionist Spencer, 

^ The acientihc rank of its writer jastifies the insertion of the folio win^j letter from 
the late Bir John Burdon-Sajidexeon to me. In tiie lecture referred to I had described the 
methods of Professor Moselej in teaching Biology aa affording a suggestion of the Bcientidc 
treatment of religion, 

OSFOUDj 

April 30, 1902. 

Deab Bin, 

I feel that I must express to you my thanks for the discours o which I had the 
pleasure of listening to yesterday afternoon. 

1 do not mean to say that I was able to follow all that you said as to the identity of 
Method in the two fields of Science and Beligionj but I recognise that the my stioism 
of which you spoke gives na the only way by which the two fields can be brought into 
relation. 

Among much that was memorable^ nothing interested me more than what you said of 
Moseley. 

No one, I am sure, know better than you the value of his teaching and in what that 
value consisted. 

Tours faithfully, 

J. BUBDON-SANDERSON, 

' 31—2 
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Under tlie head of tlie directly and purely Darwinian olomonts 
I should class as preeminent the work of Wallace and of Bates ; for 
no two sets of facts have done more to fix in ordinary intelligent 
minds a belief in organic erolution and in natural selection as its 
guiding factor than the facts of geographical distribution and of 
protective colour and mimicry. The facts of geology were difficult 
to grasp and the public and theologians heard more often of the 
imi>crfection than of the extent of the geological record. The 
witness of embry’ology, depending to a great extent upon microscopic 
work, was and is beyond the appreciation of persons occupied in 
fields of work other than biology. 

III. 

From the influence in religion of scientific modt» of thought we 
pass to the itiflueiicc of particular biological conceptions. The fonuer 
effect comes by way of analogy, example, encouragement and 
challenge ; inspiring or provoking kindred or similar modes of 
thought in the field of theology ; the latter by a collision of opinions 
upon matters of fact or coiyccture which seem to concern both 
science and religion. 

In the case of Darwinism the story of this collision is familiar, 
and falls under the heads of evolution and natural selection, the 
doctrine <»f doscent with modification, and the doctrine of its guidance 
or ileterinination by the struggle for existence between related 
varieties, nicse doctrines, though associated and interdeijcndeiit, 
and in |H>pular thought not only combined but confused, must t>c 
considered sc|»arately. It is tnie that the ancient doctrine of 
Evolution, in spite of the ingenuity and ardour of Lamarck, remaine<l 
a dream tantalising tlie intcllectu^ ambition of naturalists, until tlio 
day when Darwin made it conceivable by suggesting the machinery 
of its guidance. And, further, the idea of natural selection has so 
effectively opened the door of research and stimulated observation 
in a score of principal directions that, even if the Darwinian ex- 
plaimtUm became one day much less convincing than, in spite of 
recent criticism, it now is, yet its passing, supposing it to pass, would 
leave the doctrine of Evolution immeasurably and permanently 
strengthened. For in the interests of the theory of selection, " Fiir 
Darwin,” as Mlillcr wrote, facts have been collected wliich remain in 
any case cvideiiec of the reality of descent with modification. 

But still, tlioiigli tlius united in the mmleru Idstory of convictions, 
tliough united and confused in the collision of biological ami tra- 
ditional opiniuii, yet evolution and natural selection must besojiurated 
ill tlicological no less tlian in biological estimation. Evolution seemed 
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inconsistent mth Creation ; natural selection with Providence and 
Divine design* 

Discussion was maintained about these points for nianj years and 
with much dark heat. It ranged over many particular topics and 
engaged minds different in tone^ in quality, and in accomplishment 
There was at most times a degree of misconception. Some naturalists 
attributed to theologians in general a poverty of thought which 
belonged really to men of a pai^ticular temper or training* The 
timid theism” discerned in Darwin by so cautious a theologian as 
Liddoii^ was supposed by many biologists to be the necessary 
foundation of an honest Christianity. It w^as really more character- 
istic of devout natwmUst^ like Philip Henry Gosse, than of religious 
believers as such I The study of theologians more considerable and 
even more typically conservative than Liddon does not confinn the 
description of religious intolerance given in good faith, but in serious 
ignorance, by a disputant so acute, so observant and so candid as 
Huxley, Something hid from each other's knowledge the devoted 
pilgrims in two great w'ays of thought. The truth may be, that 
naturalists took their view of what creation was from Christian 
men of science who naturally looked in their own special studies for 
the supports and illustrations of their religious belief Of almost 
every laborious student it may be said “If/c ab arte ma no7i recessit" 
And both the believing and the denying naturalists, confining habitual 
attention to a part of experience, are apt to affirm and deny with 
trenchant vigour and something of a narrow clearness “ Qui r&- 
s^nciunt adpauea, de faeili prommeiantV* 

Newman says of some secular teachei’s that ‘Hhey persuade the 
world of what is false by urging upon it wffiat is true*'' Of some 
early opponents of Darwin it might be said by a candid friend that, 
in all siticerity of devotion to truth, they tried to persuade the world 
of what is tme by urging upon it what is false* If naturalists took 
their version of orthodoxy from amateurs in theology, some con- 
servative Christians, instead of learning what evolution meant to 
its regular exponents, took their view of it from celebrated persons, 
not of the front rank in theology or in thought, but eager to take 
account of public niovements and able to arrest public attention, 

I H. Liddon, The Becovery of S. TfwjnuR ; a sermon proaclied in St Paul’s, London, 
on April 23rd, 1882 (the Sunday after Darwin's death). 

Dr Pusey (Umcienoi not Science adverse to Faith, 1878} writes : The questions M 

to ‘ species/ of what variations the animal world is capable, whether the species be more 

or fewer whether accidental variations may become hereditary and the like, naturally 

fall under the province of science. In all these <iu6stions Mr Darwin’s careful ohserva- 
tiojiB gained for him a deserved approbation and confidence.^* 

s Aristotle, in Bacon, quoted by Newman in his Idea of a University , p. 78* London, 
187B, 
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Cleveme^js and eloquence on both sides certainly bad their share 
in producing the very great and general disturbance of men's minds 
in the early days of Darwinian teaching. But by far the greater 
part, of that disturbance was due to the practical novelty and the 
profound importance of the teaching itself, and to the fact that the 
controversy about evolution quickly became much more public than 
any controversy of equal seriousness had been for many generations. 

We must not think lightly of that great disturbance because it 
has, in some real sense, done its work, and because it is impossible 
in days of more coolness and light, to recover a full sense of its very 
real difficulties. 

Those who would know them better should add to the calm 
records of Darwin^ and to the story of Huxley's impassioned 
championship, all that they can learn of George Romanes^, For his 
life was absorbed in this very struggle and reproduced its stages. 
It began in a certain assured simplicity of biblical interpretation ; 
it went on, through the glories and adventures of a paladin in 
Darwin's train, to the darkness and dismay of a man who saw all 
his most cherislied beliefs rendered, as he thought, incredible^. He 
lived to find the freer faith for which process and purpose are not 
irreconcilable, but necessary to one another. His development, 
scientific, intellectual and moral, was itself of higli significance ; and 
its record is of unique value to our own generation, so near the age 
of that doubt and yet so far from it ; certainly still mucli in need of 
the caution and courage by which jjast endurance prepares men for 
new emergencies. We have little enough reason to be sure that in 
the discussions awaiting ns we shall do as well as our predecessoi*s in 
theira Remembering their endurance of mental pain, their ardour 
in mental labour, the heroic temper and the high sincerity of con- 
troversialists on either side, we may well speak of our fathers in such 
words of modesty and self-judgment as Drayton used when he sang 
the victoi's of Agincourt, The progress of biblical study, in the 
departments of Introduction and Exegesis, resulting in the recover}^ 
of a point of view" anciently tolerated if not prevalent, has altered 
some of the conditions of that discussion. In the yeai^s near 1858 , 
the witness of Scripture was adduced both by Christian advocates and 
their critics as if uiimistakeably irreconcilable with Evolution, 

^ i(/ie and 'Letter & and Mare LeiXeth 0 / Charles Darwin. 

2 Life atid Letters, London, 1896- Thoughts on Eeligion, London, 1895. Candid 
Examination of Theismt London, 1878. 

“ ** Never in the history of man has so terrific a calamity befallen the race as that 
which all who look may now {viz. in consequence of the Bcientifie victory of Darwin) 
behold advancing as a deluge, black with destruction, resistless in might, uprooting our 
most cherished hopes, engulphing our most precious creed, and burying our highest life in 
mindless destruction.*^ — A Candid Examination of Tkeism, p. 51. 
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Huxley^ found the path of the blamelese naturalist everywhere 
blocked by “Moses” : the believer in revelation was generally held to 
be forced to a choice between revealed cosmogony and the scientific 
account of origins. It is not clear how far the change in Biblical 
interpretation is due to natural science, and how tar to the vital 
movements of theological study which have been quite independent of 
the controversy about species. It belongs to a general renewal of 
Christian movement, the recovery of a heritage. “ Special Creation ” 
— really a biological rather than a theological conception, — seems in 
its rigid fonn to have been a recent element even in English biblical 
orthodoxy. 

The Middle Ages had no suspicion that religious faith forbad 
in<iuiry into tlie natural origination of the ditferent forms of life. 
Bartholomaeus Anglicus, an English hVanciscan of the thirteenth 
century, was a mutation ist in his way, as Aristotle, “the Philosopher” 
of the Christian Schoolmen, had been in his. So late as the seven- 
teenth century, as we learn not only from early proceedings of the 
Royal Society, but from a writer so homely and so regularly pious as 
Walton, the variation of species and “ spontaneous ” generations had 
no theological bearing, except as instances of that various wonder 
of the world which in devout minds is food for devotion. 

It was in the eighteenth century that the harder statement took 
shape. Something in the preciseness of that age, its exaltation of law, 
its cold passion for a stable and measured universe, its cold denial, 
its cold affirmation of the power of God, a God of ice, is the occasion 
of that rigidity of religious thought about the living world which 
Darwin by accident challenged, or rather by one of those movements 
of genius which, Goethe^ declares, are “elevated above all eaithly 
control.” 

If religious thought in the eighteenth century was aimed at a fixed 
and nearly finite world of spirit, it followed in all these respects the 
secular and critical lead. “La philosophic r^formatrice du XVI II^ 
si^cIe* ramenait la nature et la soci^t^ k des rn^canismes que la 
pensee rM^chie peut coucevoir et r^composer.” In fact, religion in a 
mechanical age is condemned if it takes any but a mechanical tone. 
Butler’s thought was too moving, too vital, too evolutionary, for the 
sceptics of his time. In a rationalist, encyclopaedic period, religion 
also must give hard outline to its facts, it must be able to display ite 
secret to any sensible man in the language used by all sensible men. 
Milton’s prophetic genius furnished the eighteenth century, out of the 

^ Stiieiice and Chrutian Tradition. London, 1904, 

No prodnotivenesa of the highest kind is in the power of anyone.*'— CVfiverm- 

tiojis of Goethe with Gnd Soret. London, 1850. 

^ Berthelot, Kvolutionisme^ et Fl<htoni&me^ Pfliia, 1908, p* 45, 
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depth of the passionate age before it, Anth the theological tone it was 
to need* In spite of the austere magnificence of his devotion, he 
gives to smaller souls a dangerous lead. The rigidity of Scripture 
exegesis belonged to this stately but imperfectly sensitive mode of 
thought. It passed away with the influence of the older rationalists 
Avhose precise denials matched the precise and limited affirmations 
of the static orthodoxy* 

I shall, then, leave the specially biblical aspect of the debate- 
interesting as it is and even useful, as in Huxley's correspondence 
with the Duke of Argyll and others in 1892 ^ — in order to consider 
without complication the permanent elements of Christian thought 
brought into question by the teaching of evolution. 

Such permanent elements are the doctrine of God as Creator of 
the universe, and the doctrine of man as spiritual and unique. 
Upon both the doctrine of evolution seemed to tall with crushing 
force. 

A\itli regard to Man I leave out, acknowledging a grave omission, 
the doctrine of the Fall and of Sin* And I do so because these have 
not yet, as I believe, been adequately treated: here the fruitful 
reaction to the stimulus of evolution is yet to come* The doctrine 
of sill, indeed, falls principally within the scofie of that discussion 
which has followed or displaced the Darwinian ; and without it the 
Fall cannot be usefully considered For the question about the Fall 
is a question not merely of origins, but of the interpretation of moral 
facts whose moral reality must first be established* 

I confine myself therefore to Creation and the dignity of man* 

The meaning of evolution, in the most general terms, is that 
the differentiation of forms is not essentially separate from their 
behaviour and nse^ that if these are within the scope of study, that 
is also ; that the world has taken the form Ave see by movements not 
unlike those wc now see in progress; that what may be called 
proximate origins are continuous in the way of force and matter, 
continuous in the way of life, with actual occurrences and actual 
characteristics. All this has no revolutionaiy bearing upon the 
question of ultimate origins* The whole is a statement about pro- 
cess* It says nothing to metaphysicians about cause. It simply 
brings Avithin the scope of observation or conjecture that setics of 
changes Avdiich has given their special characters to the different 
parts of the world we see* In particular, evolutionary science aspires 
to the discovery of the process or order of the appearance of life 
itself : if it were to achieve its aim it could say nothing of the 
cause of this or indeed of the moat familiar occurrences* We 
should have become spectators or convinced historians of an event 

^ 1892 , pauim. 
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Mhich, in respect of its cause and ultimate meanings would be still 
impenetrable* 

With regard to the origin of species, supposing life already 
established, biological science has the well founded hopes and the 
measure of success with which we are all fiimiliar* All this has, it 
would seem, little chance of collision with a consistent theism, a 
doctrine which has its own difficulties unconnected with any par- 
ticular view of order or process. But when it was stated that species 
had arisen by processes through which new species were still being 
made, cyolutionism came into collision with a statement, traditionally 
religious, that species were formed and fixed once for all and 
long ago. 

What is the theological import of such a statement when it is 
regarded as essential to belief in God ? Simply that God's actmty, 
with respect to the formation of living creatures, ceased at some 
point in past time. 

“God rested'* is made the touchstone of orthodoxy. And when, 
under the pressure of the evidences, we found ourselves obliged to 
acknowledge and assert the present and persistent power of God, in 
the oiaintenance and in the continued foi'mation of “types,” what 
happened was the abolition of a time-limit. We were forced only to 
a bolder claim, to a theistic language less halting, more consistent, 
more thorough in its own line, as well as better qualified to assimilate 
and modify such schemes as Von Hartmann's philosophy of the 
Unconscious — a philosophy, by the way, quite intolerant of a merely 
mechanical evolution \ 

Here was not the retrenchment of an extravagant assertion, but 
the expansion of one which was faltering and inadequate. The 
tmditional statement did not need paring down so as to pass the 
meshes of a new and exacting criticism. It was itself a net meant 
to surround and enclose experience ; and we must increase its size 
and close its mesh to hold newly disclosed facts of life. The world, 
which had seemed a fixed picture or model, gained first perspective 
and then solidity and niovemenl We had a glimpse of organic 
history ; and Christian thought became more living and more assured 
as it met the larger view of life. 

However unsatisfactory the new attitude might be to our critics, 
to Christians the reform was positive. Vliat was discarded was a 
limitation, a negation* The movement was essentially conservative, 
even actually reconstructive. For the language disused was a 
language inconsistent with the definitions of orthodoxy ; it set 
bounds to the infinite, and by implication withdrew from the creative 

^ See Ycm HaTtmaim’s und fn Berlin, 1875, 
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rule all such processes as could be brought within the descriptions of 
resetirch* It ascribed fixity and finality to that “ creature " in which 
an apostle taught us to recognise the birth-struggle of an unexhausted 
progress. It tended to banish mystery from the world we see, and 
to confine it to a remote first age. 

In the refomied, the restored, language of religiou, Creation 
became again not a link in a rational series to complete a circle of 
the sciences, but the mysterious and i>erraaneiit relation l^etweeii the 
infinite and the finite, between the moving changes we know in part, 
and the Power, after the fashion of that observation, unknown, which 
is itself “iimnoved all motion's source 
/ With regard to man it is haidly necessary, even were it possible, 
to illustrate the application of this bolder faith. When the record of 
his high extraction fell under dispute, we were driveii to a contempla- 
tion of the whole of his life, rather than of a part and that part out 
of sight We remembered again, out of Aristotle, that the result of 
a process interfirets its beginnings. We were obliged to read the 
title of such dignity as we may claim, in results and still more in 
aspirations. 

Some men stiU measure the value of great present facts in 
life — reason and virtue and sacrifice — by what a self-disparaged 
reason can collect of the meaner rudiments of these noble gifts. 
Mr Baltbiir has admirably displayed the discrepancy, in this view, 
between the alleged origin and the alleged authority of reason. 
Such an argument ought to be used not to discredit the confident 
reason, but to illuminate and dignify its dark beginnings, and to 
show that at every step in the long course of growth a Power was 
at work which is not includeii in any term or in all the terms of the 
series. 

I submit that the more men know^ of actual Christian teaching, 
its fidelity to the past, and its sincerity in face of discovery, the more 
certainly they will judge that the stimiihis of the doctrine of evolii- 
tiou has produced in the long run vigour as well as flexibility in the 
doctrine of Creation and of man. 

I pass from Evolution in general to Natural Selection, 

The chameter in religious language which I have tor short called 
mechanical was not absent in the argument from design as stated 
before Darwin. It seemed to have reference to a world conceived as 
fixed It pointed, not to the plastic capacity and energy of living 
matter, but to the fixe<l adaptation of this and that organ to an 
unchanging place or function. 

^ Hjmn ol the Church— 

Renim Ikus tenax vigor, 

. Immatua ia te permaueui. 
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Mr Ilobhonae has given us the valuable phrase a niche of 
organic opportunity/" Such a phrase would have borne a different 
sense in non- evolutionary thought Tn that thought^ the opportunity 
was an opportunity for the Creative Power, and Design appeared in 
the preparation of the organism to fit the niche* The idea of the 
niche and its occupant growing together from simpler to more com- 
plex mutual adjustment was unwelcome to this teleology* If the 
adaptation was traced to the influence, through competition, of the 
environment, the old teleology lost an illustration and a proof* For 
the cogency of the proof in every instance depended upon the absence 
of explanation. Where the process of adaptation was discerned, the 
evidence of Purpose or Design was weak. It was strong only Avhen 
the natural antecedents were not discovered, strongest when they 
could be declared undisco voidable* 

Paley’s favourite word is “ Contrivance ” ; and for him contrivance 
is most certain where production is most obscure. He points out the 
physiological advantage of the valvulae cmmiventes to man, and the 
advantage for teleology of the fact that they cannot have been funned 
by “action and pressure.” What is not due to pressure may be 
attributed to design, and when a mechanical ” process more subtle 
than j)ressure was suggested, the ease for design was so far weakened* 
The cumulative proof from the multitude of instances began to dis- 
appear when, in selection, a natural sequence was suggested in which 
all the adaptations might be reached by the motive power of life, and 
especially when, as in Daiwiu's teaching, there was full recognition of 
the reactions of life to the stimulus of circumstance* “ The organism 
fits the niche,"" said the teleologist, “ because the Creator fonned it 
so as to fit."" “The organism tits the niche,"" said the naturalist, 
“ because unless it fitted it could not exist/" “ It was fitted to sur- 
vive/^ said the theologian. “It survives because it fits,"" said the 
selectionist. The two fomis of statement are not incompatible ; but 
the new statement, by provision of an ideally universal explanation 
of process, was hostile to a doctrine of purpose which relied upon 
evidences always exceptional however numerous. Science persistently 
presses on to find the universal machinery of adaptation in this planet ; 
and whether this be found in selection, or in direct-effect, or in vital 
reactions resulting in large changes, or in a combination of these and 
other fii^ctors, it must always be opposed to the conception of a Divine 
Power here and there but not everywhere active. 

For science, the Divine must be constant, operative everywhere 
and in every quality and powder, in environment and in organism, 
in etinnilus and in reaction, in variation and in struggle, in heredi- 
tary equilibrium, and in “the unstable state of species""; equally 
present on both sides of every strain, in all pressures and in all 
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resistances^ in short in the general >vonder of life and the world* 
And this is exactly what the Divine Power must be for religious 
faith* 

The point I wish once more to make is that the necessary 
readjustment of teleology^ so as to make it depend upon the con- 
templation of the whole instead of a part, is advantageous quite as 
much to theology as to science. For the older view failed in courage. 
Here again our theism was not sufficiently theistic* 

Where results seemed inevitable, it dared not claim them as 
God-given, In the argument from Design it spoke not of God in 
the sense of theology, but of a Contnver, immensely, not infinitely 
wise and good, working within a world, the scene, rather than the 
ever dependent outcome, of His Wisdom ; working in such emergencies 
and opportunities as occurred, by forces not altogether within His 
control, towards an end beyond Himself It gave us, instead of the 
awful reverence due to the Cause of all substance and form, all love 
and wisdom, a dangerously detached appreciation of an ingenuity and 
benevolence meritorious in aim and often surprisingly successful in 
contrivance. 

The old teleology was more useful to science than to religion, 
and the design-naturalists ought to be gratefully remembered by 
Biologists, Tlieir search for evidences led them to an eager study 
of adaptations and of minute forms, a study such as we have now an 
incentive to in the theory of Natural Selection, One hardly meets with 
the same ardour in microscopical research until we come to modern 
workers. But the argument from Design was never of great import- 
ance to taith. Still, to rid it of this character was worth all the stress 
and anxiety of the gallant old war. If Darwin had done nothing else 
for us, we are to-day deeply in Ills debt for this. The w^orld is not 
less venerable to us now, not less eloquent of the causing mind, 
rather much more eloquent and sacred. But our wonder is not that 
“the uuderjaw of the swine works under the ground” or in any or 
all of those particular adaptations which Paley collected with so 
much skill, but that a purpose transcending, though resembling, 
our own purposes, is everywhere manifest ; that what we live 
in is a whole, mutually sustaining, eventful and beautiful, where 
the “dead” forces feed the energies of life, and life sustains a stranger 
existence, able in some real measure to contemplate the whole, of 
which, mechanically considered, it is a minor product and a rare 
ingredieuft. Here, again, the change was altogether positive. It was 
not the escape of a vessel in a storm with loss of spars and rigging, 
not a shortening of sail to save the masts and make a port of refuge, 
It^ was rather the emergence from narrow channels to an open sea. 
We had propelled the great ship, finding purchase here and there for 
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and wisdom in the universe could be tnwtod more ucarely for the 
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slow and uncurtain inovuinunt. Nuw, in doop water, we spread largo 
canvas to a favtiuriiig broeao. 

Tbu acattorvd tracoa of dmlgn might bo forgotten or olditeratod. 
But the broad iniproaakin of ()r^r became plainer when seen at doe 
distanoe and in sufficient range of eflect, and the erideooe of lore 
and wisdom in the nnirerse could be trwted more secnrelT for the 
lorn of the particular calculatioa of their machiner;. 

Man; other topica of foith are affected bj modem biology. In 
some of these we hare learnt at present only a wise cautioo, a wise 
uncertainty. We stand before the newly unfolded spectacle of 
suflering, sUenced ; with faith not scientificaily reassured but still 
bolding fost certain other clues of ouoriction. In many important 
topics we are at a losa But in othem, and among them those 1 hare 
mentioned, we bare paased beyond this negatire state and find foith 
posHirely strengthened and more fully expressed. 

We hare gained also a language and a habit of thought more 
fit for the great and dark problems that remain, less liable to 
»Um«gitig conflicts, equipped fur more rapid asw m i hit ion of know* 
ledge. And by this change liiokigy itself is a gainer. For, reliered 
of fniitlesN encounters with popular religion, it may adrance with 
surer aim along the i»th of really scientific life-study which was 
reopciHMl for iiuHlurn muti by tliu publication of The Griffin qf SfHcie*. 

Charles Darwin regrcttoil that, in following science, be had not 
done "inoro direct gomD” to his follow-croatures. He has, in fact, 
rendered sulMtantial service to interests bound up with tlie daily 
conduct and hopes of common men ; for his work has led to improve- 
ments in the preaching of the Christian faith. 

* j>tifln, ?«L m. ^ tM. 
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THE INFLUENCE OF DARWINISM ON THE 
STUDY OF RELIGIONS 

Hy Jane Ellen Harkihon 

//on. D,liU. {Durham), Hon, LL.D. {AbtrdMn), Loeiurtr and tonuitiitui 

Fellow of Ntwnhnm College, Cambridge. Corretpotkding meatier cj/" the 

Oermtan Jrehaeoiogwa/ /netifute. 

The title of nj paper might well hare been “the creation by 
of the M^enttflc etadr of ReligiaoH,'’ bat that I feared 
to mar my tribate to a great name by any ahadow of exaggecatioiL 
Before the pabUeation of TV Ori^'m Ajperww and TV Deaerra 

Mam, eren in the eighteenth oentary, imilatcd thinkcra, notably 
Hume and Herder, had conjectured that the orthodox licUefs of their 
own (lay were developnieiita from the cmder Miiiiemtitfoiia of ttie 
I«wt. Tliuao wore however only )»irtioiiltir H{io(;ii]at>ioiiH of Individ iml 
HcopticH. ilellKion wns not yot generally regarded aa a proper Hidijcct 
for Dcieiitifle study, with facta to be collected and tlieoriea to be 
dcducevL A Congrem of ReligkNM such aa that recently held at 
Oxford would have aavoured of impiety. 

In the brief apace allotted me I can attempt only two thinga; 
Arm. and very briefly, I ahall try to indicate the normal aCthode 
towards religioo in the early part of the hurt century; aeoond, and in 
more detail I ahall try to make dear what b the ouUook of advanced 
thinkera to-day*. From thb second inquiry it will, | hope, be abund- 
antly manifest that it b the doctriiw of evolution that has made this 
outlook iNswililo and even iioeussAry, 

Tlio idtiiimte and uiichallenged presupiKwition of the old view was 
that religion was a tioetrime, a body of supposed truthiL It was in 
fact what we should now call Theology, and what the anciento called 
Mythology. Ritoal was aearedy considefed at all and, when eon- 
aidered, it was held to be a form in which betiefit alreiady defined 
and fixed as dogma, found a natural mode of expreaakm. This, K 

i»niiii Mi OriivM wyHiMa! Mmmb !l^fltf |w>iiliflat|j — rrlirJ 
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will be later sliown, is a profound error or rather a most misleading 
half-trntlL Creeds, doctrines, theology and the like are only a part, 
and at first the least important part, of rcligiom 

Further, and the fact is important, this dogtiia, tlms supposed to 
be the essential content of the *‘true” religion, was a teleological 
scheme complete and unalterable, which had been revealed to man 
once and for all by a highly anthropomorphic God, whose existence 
was assumed The duty of man towards this revelation was to accept 
its doctrines and obey its precepts. The notion that this revelation 
had grown bit by bit out of man's consciousness and that his busi- 
ness was to better it would have seemed rank blasphemy. Religion, 
so conceived, left no place for development, *^The Tnitli” might be 
learnt, but never critically oxarnined; being thus avowedly complete 
and final, it was doomed to stagnation. 

The details of this supposed revelation seem almost too naive for 
enumeration. As Hume observed, “popular theology has a positive 
appetite for absurdity.” It is sufficient to recall tliat “revelation” 
included such items as the Creation* of the world out of nothing in 
six days; the making of Eve from one of Adam's rite ; the Temptation 
by a tal^g snake; the confusion of tongues at the tower of Babel; 
the doctrine of Original Hiti ; a scheme of salvation which demanded 
the Virgin Birth, Vicarimis Atonement, and the Resurroction of the 
material body. The scheme was unfolded in an infallible Book, or, 
for one section of Christians, guarded by the tradition of an infallible 
Church, and on the acceptance or refusal of this scheme depended 
an eternity of weal or woe. Tliere is not one of these doctrines that 
has not now been recast, softened down, m)’^sticified, allegorised into 
something more conformable with modem thinking. It is hard for 
the present generation, unless their breeding has been singularly 
archaic, to realise that these amazing doctrines were literally held 
and believed to constitute the very essence of religion ; to doubt them 
was a moral delinquency. 

It had not, however, escaped the notice of travellers and mission- 
aries that savages carried on some sort of practices that seemed to be 
religious, and believed in some sort of spirits or demons. Hence, 
beyond the confines illuminated by revealed truth, a vague region 
w as assigned to Natural Religion. The original revelation had been 
kept intact only by one chosen people, the Jews, by them to be handed 
on to Christianity. Outside the terders of this Goshen the world had 
sunk into the darkness of Egypt. Where analogies betw een savage 
cults and the Christian religions were observed, they w ere explained 
as degradations; the heathen had somehow wilfully “lost the light” 

1 It is intereKtiTig to note that the rery word Creator” has nowadays almost passed 
into the region of mythology. Instead we have Ul^volution Criatrice. 
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Our bueinoHH waa not to study but, exclusively, to convert them, to 
root out superstition and carry the torch of revelation to Souls in 
heathen darkness lying." To us nowadays it is a commonplace of 
anthropological research that we niuBt seek for the b^naings of 
religioii in the religions of primitive peoples, but in the last century 
the orthodox mind was convinced that it possessed a complete and 
luminous ready-made revelation; the study of what was held to be 
a mere degradation scorned idle and superduous. 

But, it may be asked, if, to the orthodox, revealed religion waa 
sacrosatict and savage reUgioo a thing beneath consideration, why 
did not the sceptics show a more liberal spirit, and pursue to their 
logical issue the coiyectures they had individually hazarded? The 
r^kSOD is simple and significant Tlie sceptics too had not worked 
free from the presupposition that the essence of religion is dogma. 
Their intellectualism, expressive of the whole eighteenth century, 
was probably in England strengthened by the Protestant doctrine of 
an infallible Book. Iliime iiruloiibtedly confused religion with dog- 
matic thcolog)*. The attention of orthodox and sceptics alike was 
focussed on the truth or falsity of certain propusitioiis. Only a few 
minds of rare quality were able dimly to conceive that religion might 
be a necessary step in the evolution of human thotigliL 

It is not a little interest] ng to note that Darwin, who was leader 
and intellectual king of his genenitioii, was also in this matter to 
some extent its child. His attitude towards religion is stated clearly, 
in Chap. viiL of the Life and Letters^. On board the Beagle he 
was simply orthodox and was laughed at by several of the officers 
for quoting the Bible as an unanswerable authority on some point 
of morality. By 1830 he had come to see that the Old Testament was 
no more to be tnisted than the sacred books of the PIitidoo& Next 
went the l>elief in miracles, and next Palcy's *^argunient from design" 
broke down l^efore the law of natural selection ; the Buffering so 
manifest in nature is seen to be compatible rather with Natural 
Selection than with the goodness and omnipotence of Ood. Darwin 
felt to the full aU the ignorance that lay hidden under specious 
phrases like *‘tlic plan of creation" and "Unity of d^igm" Finally, 
he tells us "the mystery of the beginning of aU things is itisoluble by 
us ; and I for one must be content to remain a!i Agnostic." 

The word Agnostic ia significant not only of the huiiiility of the 
man himself but also of the attitude of Ids age, Keligioii, it is clear, 
is still conceived as something to be knmen^ a matter of true or false 
opinion. Orthotlox religion was to Darwin a series of erroncoiis 
hypotheses to be bit by bit discarded when shown to be untenable. 

> VoL I. p. 304, For Dmrvm*i reOgioai Tiewi aee &Uo Ottetni of 1871, VoL i, 
p. 65 ; 2nd edil VoL i* p. 142. 
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The acts of religion which may result from such convictions^ i,e, 
devotion in aU its forms^ prayer, praise, sacraments, are left un^ 
mentioned. It is clear that they are not, as now to us, sociological 
survivals of great interest and importance, but rather matters too 
private, too personal, for discussion. 

Huxley, writing in the Contemporary Review^, says, In a dozen 
years The Origin of Species has worked as complete a revolution in 
biological science as tlie PHneipia did in astronomy/' It has done 
so because, in the words of Helmholtz, it contained ^-an essentially 
new creative thought/' that of the continuity of life, the absence of 
breaks. In the two most conservative subjects, Keligion and Classics, 
this creative ferment was slow indeed to work Darwin himself 
felt strongly ''that a man should not publish on a subject to w^hich 
he has not given si>ecial and continuous thought,” and hence wrote 
little on religion and with manifest reluctance, though, as already 
seen, in answer to pertinacious inquiry he gave an outline of his own 
views. But none the less he foresaw that his doctrine must have, for 
the history of man's mental evolution, issues wider than those wdth 
which he was prepared personally to deal. He writes, in The Origin 
of Species^, ^'In the future I see open fields for far more important 
researches. Psychology will be securely based on the foundation 
already well laid by Mr Herbert Spencer, that of the necessary 
acquirement of each mental power and capacity by gradation.” 

Ivowhere, it is true, does Darwin definitely say that he regarded 
religion as a set of phenomena, the development of which may be 
studied from the psychological standpoint. Bather we infer from his 
piety — in the beautiful Roman sense — towards tradition and associa- 
tion, that religion was to him in some way sacrosanct. But it is 
delightful to see how liis heart went out towards the new method 
in religious study which he had himself, if iDalf-unconsciously, in- 
augurated. Writing in 1871 to Dr Tylor, on the publication of his 
Primitive Owferre, he says^, “It is wonderful how you trace animism 
from the lower races up the religious belief of the highest races. It 
will make me fi>r the future look at religion— a belief in the soul, 
etc. — from a new point of view.” 

Psychology wm henceforth to be based on “the necessary acquire- 
ment of each mental capacity by gradation.'^ With these memorable 
words the door closes on the old and opens on the new liorizon. 
The mental focus henceforth is not on the maintaining or refuting of 
an orthodoxy but on the genesis and evolution of a capacity, not on 
perfection but on process- Continuous evolution leaves no gap for 
revelation sudden and complete. We have henceforth to ask, not 

^ 1871. ^ 6th edition, p. 42S. ® Life and Letters ^ Yol. nr. p. 151. 

a 32 
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when was religion revealed or what was the revelation, but how 
did religious phenomena arise and develop. For an answer to this 
we turn with new and reverent eyes to study “the heathen in his 
blindness^' and the child “born in sin/' We still indeed send out 
niissionarios to convert the heathen, but here at least in Cambridge 
before they start they attend lectures on anthropology and com- 
parative religion. The “decadence'" theory is dead and should be 
buried. 

The study of primitive religions then has been made possible and 
even inevitable by the theory of Evolution, We have now to ask 
w^hat new facts and theories have resulted from that study* This 
brings us to our second point, the advanced outlook on religion 
to-day* 

The view I am about to state is no mere personal opinion of my 
own. To my present standpoint I have been led by the investi- 
gations of such masters as Drs Wundt, Lehmann, Preuss, Bergsen, 
Beck and in our own country Drs Tylor and F^azer^ 

Religion alw^ays contains two factors. First, a theoretical factor, 
what a man thinhs about the unseen— ^his theology, or, if we prefer so 
to call it, his mythology. Second, what he does in relation to this 
unseen— his ritual* Tliese factors rarely if ever occur in complete 
separation; they are blended in very varying proportions. Religion 
we have seen was in the last century regarded mainly in its theoretical 
aspect as a doctrine. Greek religion for example meant to most 
educated persons Greek mythology* Yet even a cursory examination 
shows that neither Greek nor Roman had any creed or dogma, any 
hard and fast formulation of belief. In the Greek Mysteries^ only 
we find what we should call a OonJiteoT\ and this is not a confession 
of faitl), but an avowal of rites performed. When the religion of 
primitive peoples came to be examined it was speedily seen that 
though vague beliefs necessarily abound, definite creeds are practi- 
cally non-existent* Ritual is dominant and imperative. 

Tills predominance and priority of ritual over definite creed was 
first forced upon our notice by the study of savages, but it promptly 
and happily joined hands with modern psychology . Popular belief 
says, I think, therefore I act; modern scientific psychology says, 

^ I can only uatos bexe the books that have apeoially iuliueneed my owa views* They 
are W. Wundt, Vdllterpmjchologie, Leipzig, 1900. P. Bedt, *^Die Nachahmung,” Leipzig, 
1904, and “Erkermtuiaatheone dca primitiven Denken^” in Zeitschrift f. Philos, mid 
Philos. Kritik, 1903, p. 172, and 1904, p. 9. Henri Bergaon, Up.volutmn Griatrice and 
Mature el M£moire, 1908. K. Th. Preuas, varionc^ articles published in the GloJms {see 
p. 507, note 1), and in the Arehiv /. lieligiomtoisRemchaft, and for the subject of magio, 
MM. Hubert et Manes, “Th^orie g^n^rale de la Magie,” in U Annie Sooiologique^ vu. 

2 See my Prolegomena to the Study of Greek Eeliyiojif p* 155, Cambridge, 1903. 
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I act (or rather^ reB>et to outside stimulus), and so I con^e to think. 
Tims there is set going a recurrent series: act and thought become 
in their turn stimuli to fresh acts and thoughts. In examining 
religion as envisaged to-day it would therefore be more correct to 
begin with the practice of religion, Le. ritual, and then pass to its 
theor}^, theology" or mythology. But it will be more convenient to 
adopt the reverse method. The theoretical content of religion is to 
those of us who are Pi^otestants far more familiar and w^e shall thus 
proceed from the known to the comparatively unknown. 

1 shall avoid all attempt at rigid definition. The problem before 
the modem investigator is, not to determine the essence and definition 
of religion but to inquire how religious phenomena, religious ideas 
and practices arose. Now the theoretical content of religion, the 
domain of theology or mythology, is broadly familiar to alb It is 
the world of the unseen, the superseosuous ; it is the world of what 
we call the soul and the supposed objects of the souTs perception, 
sprites, demons, ghosts and gods. How did this world grow up ? 

We turn to our savages. Intelligent missionaries of bygone days 
used to ply savages with questions such as these : Had they any 
belief in God? Did they believe in the immortality of the soul? 
Taking their own clear-cut conceptions, discriminated by a developed 
terminology, these missionaries tried to traiislate them into languages 
that liad neither the words nor the thoughts, only a vague, inchoate, 
tangled substratum, out of w^hich these thoughts and w^ords later 
differentiated themselves. Let us examine this substratum. 

Nowadays we popularly distinguish between objective and sub- 
jective; and further, we regard the two worlds as in some sense 
opposed. To the objective world we commonly attribute some reality 
independent of consciousness, while we think of the subjective as 
dependent for its existence on the mind. The objective w^orld consists 
of perceptible things, or of the ultimate constituents to which matter 
is reduced by i>hysical speculatioru The subjective world is the world 
of beliefs, hallucinations, dreams, abstract ideas, imaginations and 
the like. Psychology of course knows that the objective and sub’ 
jective worlds are interdependent, inextricably intertwined, but for 
practical purposes the distinction is convenient. 

But primitive man has not yet drawu the distinction between 
objective and subjective. Nay, more, it is foreign to almost the 
whole of ancient philosophy. Plato’s Ideas his Goodness, Truth, 
Beauty, his class-names, horse, table, arc it is true dcmaterialised 
as far as possible, but they have oul^ide existence, apart from the 

1 I owe tliia psjclioiogical analysis of the elomonts of the primitive suporsensuo us world 
mftitily to Dr Beck, ‘^Eikeiintniastheorie des primitiveii DenkenSj” Boe p. 49S, note 1. 
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mind of the tiuiiker, they liave in some shadowy way spatial exteti- 
Bion. Yet ancient philosophies and primitive man alike needed and 
possesHCcl for pi’actical pnrposes a distinction which served as well as 
our subjective and objective. To the primitive savage all his thoughts, 
every object of which he was conscious, wdiether by perception or 
conception, had reality, that is, it had existence onteide himself, but 
it might have reality of various kinds or different degrees. 

It is not hard to see how this would happen. A inaifs senses 

may mislead him. He sees the reflection of a bird in a pond To 

hia eyes it is a real bird He touches it, he puts it to the taucA, and 
to his touch it is not a bird at all It is real then, but surely not 
quite so real as a bird that you can touch. Again, he sees smoke. 
It is real to his eyes. He tries to grasp it, it vanishea Tlie wind 

touches him, but he cannot see it^ which makes him feel uncanny. 

The most real thing is that which affects most senses and especially 
what alfects the sense of touch. Apparently touch is the deejiest 
down, most primitive, of senses. The rest arc 8j>ecialisations and 
coinplicationa Primitive man has no formal rubric “optical de- 
lusion,*' but he Icams practicaOy to distinguish between things that 
affect only one sense and things that affect two or more — if he did 
not he would not survive. But both classes of things are real to 
him, Pereipi est esse. 

So far, pilmitive man has made a real observation ; there are 
things that ap|)cal to one sense only. But very soon creeps in con- 
fiisieai fraiiglit with disaster. He passes naturally enough, being eco- 
nomical of any mental effort, from what he really secs but cannot feel 
to what he thinks he sees, and gives to it the same secondary reality. 
He has dreams, visions, hallucinations, nightmares. He dreams that 
an enemy is beating him, and he wakes rubbing his head. Tlien 
further he remembers things ; that is, for him, he sees them. A 
great chief died the other day and they buried him, but he sees 
him still in his mind, sees him in his war-paint, splendid, victorious. 
So the Image of the past go<^ together with his dreams and visions 
to the making of this other less real, but still real world, his other- 
world of the siipersensuous, the supernatural, a world, the otitside 
existence of which, independent of himself, he never questions. 

Ami, naturally enough, the future joins the past in this super- 
sensuous world. He can hope, he can imagine, he can prophesy. 
And again the images of his hope are real ; he secs them with that 
mtnd*s eye which as yet he has not distinguished from his bodily eye. 
And so the supersensuous world grows and grows big with the in- 
visible present, and big also with the past and the future, crowded 
with the ghosts of the dead and shadowed with oracles and portents. 
It is this supersensuoiis, supernatural world w^hich is the eternity, the 
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other- world, of primitive religion, not an endlessness of time, but a 
state removed from full sensuous reality, a world in which anything 
and everything may happen, a world peopled by demonic ancestors 
and liable to a splendid vagueness, to a “once upon a time-uess” 
denied to the present. It not unfreqnently happens that people who 
know that the world nowadays obeys fixed laws have no (filficulty 
in believing that six thousand years ago man was made direct from 
a lump of clay, and woman was made from one of man’s superfluous 
ribs. 

The fashioning of the supersensuous wmrld comes out very clearly 
in primitive man’s views about the soul and life after death. Herbert 
Spencer noted long ago tlie influence of dreams in forming a belief in 
immortality, but being very rational himself, he extended to primitive 
man a quite alien quality of rationality. Herbert Spencer ar^ed 
that when a savage has a dream he seeks to account for it, and in so 
doing invents a spirit world. The mistake here lies in the “ seeks to 
account for it^” Man is at first too busy living to have any time 
for disinterested iiiinking. He dreams a dream and it is real for 
him. He does not seek to account for it any more than for his hands 
and feet He cannot distinguish between a conception and a per- 
ception, that is all. He remembers his ancestors or they appear to 
him in a dream; therefore they are alive still, but only as a rule 
to about the third generation. Then he remembere them no more 
and they cease to be. 

Next as regards his own soul. He feels something within Mm, 
his life-power, his will to live, Ms power to act, his personality— what- 
ever we like to call it. He cannot touch this thing that is himself, 
but it is real. His friend too is alive and one day he is dead; he 
cannot move, he cannot act. Well, sometMng has gone that was Ms 
friend’s self. He has stopped breathing. Was it his breath? or he is 
bleeding ; is it his blood ? This life-power i$ something; does it live 
in his heart or his lungs or his midriff? He did not see it go; per- 
haps it is like wind, an anima, a Geist, a ghost. But again it comes 
back in a dream, only looking shadowy ; it is not the man’s life, it is 
a tMn copy of the man ; it is an “ image ” {eidOlmi). It is like that 
shifting distorted thing that dogs the living man’s footsteps in the 
sunsMne; it is a “shade” (skia'p, 

1 Primitive man, as Dr Beck observes, is not impelled by an Erkenntnisstrieh. Dr Beck 
save he has counted upwards of .50 of these mythological Trieie (feudencies) with which 
primitive man has teen endowed* 

The two conceptions of the soul, as a life-essence, inseparable from the bodj, and 
BrEi a separable phantom seem to oecnr in most primitive systems* They are distinct 
ooneeptions but are inextrieably blended in savage thought. The two notions Kdrper- 
Aeele and P»yche have been very iiilly discussed in Wundt^a Volher^^ychotogu, n* 
pp. 1 — 142, Leipzig, 1900* 
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Gboetfl and sprites^ ancestor worships the soul, oraclesj prophecy ; 
all these elements of the primitive snpereensuous world we willingly 
admit to be the proper material of religion ; but other elements are 
more surprising ; such are class-names, abstract ideas, numbers, geo- 
metrical figures. We do not nowadays think of these as of religious 
content, but to primitive men they were all part of the furniture of 
his sui>ematiiral world. 

With respect to class-names. Dr Tylor"^ has shown how instructive 
are the first attempts of the savage to get at the idea of a class. 
Things in which similarity is oteerved, things indeed which can be 
related at all are to the savage MwrJ/red. A species is a family or 
a number of individuals with a common god to look after them. 
Such for example is the Finn doctrine of the haltia. Every object 
has its haltia, but the kaltiat were not tied to the individual, they 
interested themselves in every member of the species. Each atone 
had its kaltia^ but that haltia was interested in other stones ; the 
individuals disappeared, the Tmltiei remained. 

Nor was it only class-names that belonged to the superseiisuous 
world. A man’s own proper-name is a sort of spiritual essence of 
him, a kind of soul to be carefully concealed. By pronouncing a 
name you bring the thing itself into being. AVlien Elohim would 
create Day ^^Iie called out to the Light ^Day,’ and to tlie Darkness 
he called out ^ Night ' ” ; the great magician pronounced the magic 
Names and the Things came into being. *^In the beginning was the 
Word’' is literally true, and this reflects the fact that our eomeptual 
world comes into being by the mental process of naming^. In old 
times people went further ; they thought that by naming events 
they could bring them to be, and custom even to-day keeps up the 
inveterate magical habit of mshing people ^^Good Morning” and a 
Happy Christmas.” 

Number, too, is part of the supersensiious world that is thoroughly 
religious. We can see and touch seven apples, but seven itself, that 
wonderful thing that shifts from object to object, giving it its 
ness, that living thing, for it begets itself anew in multiplication— 
surely seven is a fit denizen of the upper-world. Originally all 
numbers dwelt there, and a certain supersensnoue sanctity still clings 
to seven and three. We still say “ Holy^ Holy, Holy,” and in some 
mystic way feel the holier. 

Tile soul and the supersensuous world get thinner and thinner, 
rarer and more rarefied, but they always trail behind them clouds 
of smoke and vapour from the world of sense and space whence they 
have come. It is difficult for ns even nowadays to use the word 

^ Culture ^ Vol. ir. p. 245 (4fcli 1903* 

^ For a full di bluest on of this point Beo Beck, p. 41, Die Spiache. 
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"bouI” without lapsing into a BensnouB mythology. The Cartesians’ 
sharp distinction tetweeii rea e^tensa wm cogitmis and res cogitam 
turn extensa is remote. 

So far then man, through the processes of hie thinking, has provided 
himself with a superseusuous world, the world of sense-delusion, of 
smoke and cloud, of dream and phantom, of imagination, of name 
and number and image. Tlie natural course would now seem to 
be that this superseiiHUoue world should develop into the religious 
world as wo know it, that out of a vague animism with ghosts of 
ancestors, demons, ami the like, there should develop in due order 
momentary gods (Augenblicks-GBttcrX tribal gods, polytheism, and 
finally a pure monotheism. 

This course of development is usually assumed, but it is not 
1 think quite what really happens. The superseusuous world as we 
have got it so far is too tlicoretic to bo complete material of 
religion. It is indeed only one factor, or rather it is as it were a 
lifeless body that waits for a living spirit to possess and inform it 
Had the theoretic factor remained uninformed it would eventually 
have separated off into its constituent elements of error and truth, 
the error dying down as a belated metaphysic, the truth developing 
into a correct and scientific psychology of the subjective. But man 
has ritual as well as mythology ; that is, he feels and acta as well as 
thinks; nay more he probably feels and acts long before he definitely 
thinks. This contradicts all our preconceived notions of theology 
Man, we imagine, believes in a god or gods and then worships. The 
real order seems to be that, in a sense presently to be explained, 
he worships, he feels and acts, and out of his feeling and action, pro- 
jected into his confused thinking, he develops a god. We pass 
therefore to our second factor in religion : — ritual. 

Tlie word “ritual” brings to our modem minds the notion of a 
church with a priesthood and organisetl services. Instinctively we 
think of a congregation meeting to confess sins, to receive absolution, 
to pray, to praise, to listen to sermons, and possibly to partake of 
sacraments. Were we to examine these fully developed phenomena 
we should hardly get farther in the analysis of our religious 
conceptions than the notion of a highly antlu-opomorphic god 
approached by purely human methods of personal entreaty and 
adulation. 

Further, when we first come to the study of primitive religions 
we expect a priori to find the same elements, though in a ruder 
form. We expect to see “The heathen in his blindness bow down 
to wood and stone," but the facts that actually confront us are 
startlingly dissimilar. Bowing down to wood and stone is an occu- 



(c) The Complete Work of Charles Darwin Online 



504 



Barwinimn and the Stttdy of Beligiom 

patioii that exists mainly in the minds of hjnm-wi'iters. The real 
savage is more actively engaged Instead of asking a god to do what 
he wants done^ he does it or tries to do it himself; instead of prayers 
he litters spells. In a word he is busy practising magic, and above 
all he is strenuously engaged in dancing magical dances. Wlien the 
savage wants rain or wind or sunshine, he does not go to church ; 
he summons his tribe and they dance a rain-dance or mnd-dance or 
sun-dance. When a savage goes to war we must not picture his 
wife on lier knees at home praying for the absent; instead we must 
picture her dancing the whole night long ; not for mere joy of heart 
or to pass the weary hours; she is dancing his war-dance to bring 
him victory. 

Magic is nowadays condemned alike by science and by religion ; 
it is both useless and impious. It is obsolete, and only pmctised by 
malign sorcerers in obscure holes and corners. Undoubtedly magic 
is neither religion nor science, but in aO probability it is the spiritual 
jirotoplasm from which religion and science ultimately differeritiateA 
As such the doctrine of evolution bids us scan it closely. Magic 
may be malign and private ; nowadays it is apt to be both. But in 
early days magic was as much for good as for evil ; it was publicly 
practised for the common w eal. 

The gist of magic comes out most clearly in magical dances. We 
think of dancing as a light form of recreation, praetised by the young 
from sheer joie de mvre and unsuitable for the mature. But among 
the Tarahumares^ in Mexico the word for dancing, naMvoa, means 
“ to work.” Old men will reproach young men saying Why do you 
not go to work ? meaning why do you not dance instead of only 
looking OIL Tlie chief religious sin of which the Tarahumare is 
conscious is that he has not danced enough and not made enough 
tesvinOj his cereal intoxicant* 

Dancing then is to the savage wmMng^ ehing, and the dance is 
in its origin an imitation or perhaps rather an intensification of 
processes of work^. Repetition, regular and fi^equent, constitutes 
rhythm and rhythm heightens the sense of will power in action* 
Rhythmical action may even, as seen in the dances of Dervishes, 
produce a condition of ecstasy. Ecstasy among primitive peoples is 
a condition much valued ; it is often, though not always, enhanced by 
the use of intoxicants. PsychologicaUy the savage starts from the 
sense of his own will power, he stimulates it by every means at his 
command* Feeling his will strongly and knowing nothing of natural 
law he recognises no limits to his own power; he feels Inmself a 

1 Carl LumholtZ) Unknown Mexico j p. 330, London, 11)03. 

“ Karl Biicher, Arbeit und EhythmnSj Leipzig (3rd edit.), 1902, paisim. 
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ma^cian, a god; ho does not pray, he leills. Moreover ho wills 
collectively \ reinforced by the will and action of his whole tribe. 
Truly of him it may Ije said, “La vie d^borde TinteUigence, rintelligenoe 
c’est un retr^issement*/’ 

The magical extensioii and heightening of personality come out 
very clearly in what are rather unfortunately known as mhmiic 
dances. Animal dances occur very frequently among primitive 
pooplea Tlie daiicerB dress up as birds, beasts, or fishes, and repro- 
duce the characteristic movements and habits of the animals imper- 
sonated. So characteristic is this impersonation in magical dancing 
that among the Mexicans the word for magic, namli^ means “ dis- 
guise*." A very common animal dance is the frog*dance. When it 
rains the frogs croak. If you desire rain you dress up like a frog and 
croak and jump. We think of such a performance as a conscious 
imitation. Tlie man, wo think, is more or less like a frog. That is 
not how primitive man thinks; indeed, ho scarcely thinks at all; what 
/i€ wants done the frog can do by croaking and jumping, so he croaks 
and jumps and, for all he can, bea>mes a frog. “Llntelligenee animale 
jout sans doute les repi^sentations plubU t|u"elle ue les pense*." 

We shall best understand this primitive state of mind if we study 
the child “ bom in sin." If a child is “ (daying at Uons " he does not 
imitate a lion, i.e. he does not consciously try to be a thing more or 
less like a lion, he becomes one. His reaction, his terror, is the same 
as if a real lion were there. It is this childlike power of utter 
iniperHonation, of being the thing we act or even see acted, this 
extension and intensification of our own personality that lives deep 
down in all of UB and is the very seat and secret of our joy in the 
drama. 

A child’s mind is indeed throughout the best clue to the under- 
standing of savage magic. A young and vital child knows no limit 
to his own will, and it is the only reality to hiiii. It is not that 
he wants at the outset to fight other wills, but that they simply do 
not exist for him. Like the artist he goes forth to the work of 
creation, gloriously aloiia Uis attitude towards other recalcitrant 
wills is “ they simply must” Let even a grown man be intoxicated, 
be in love, or subject to an intense excitement, the limitations of 
personality again fall aw^ay. Like the omnipotent child he is again a 
god, and to him all things are possible. Only when he is old and 
weary docs he cease to command fate. 



^ The subject of ooUeoUve bftllucmitioD ai aa cleineut in tnagio has been foUj worked 
out by MM. Hubait and Manu. “Th^oria g§aAnde da la Magic, in L'Annie Soeiohfiqme^ 
I90t— 3, p. 140- 

* Henri Bergson, L'^iPolnffovt Criahi^e, p, 50. 

* fL Th. Praofii, Arehiv /. RHigiomtwU$entehafi, 1906, p. 97. 

* Bargson, Criuttice, p. 205. 



(c) The Complete Work of Charles Darwin Online 



600 Darwinimi and the Study of ReUgimm 

The Iroquoia^ of North America hare a wal'd, tlio iiieaning 

of which m eaaier to describe than to define, but it seems to ex[iress 
the very soul of magia l^imorenda is your power to do tilings, your 
force, someliiiies almost your peraouality. A man who hunts well 
has much and good arenda ; the shy bird who escapes his snares has 
a fine oremla. The arenda of the rabbit controls the snow and 
fixes the depth to which it will fall. When a stonu is brewing the 
magician is said to be making its oremla. \^lien you yourself are in 
a rage, great is your orenda. The notes of birds are utterances of 
their ortfuku Wlien the maize is ripening, the Irorpiob know it is 
the sun's heat tliat ripens it, but they know more; it is the cigala 
makes the smi to shine and he does it by chirping, by uttering his 
irremku This orenda is sometimes very like the Greek your 

bodily life, your rigour, your passion, your power, the rirtiie that is 
in you to feel and do. Ibis notion of orenda^ a sort of |XTii-rita/fsm, 
is more fluid than animism^ and probably precedes it It is the 
projection of man's inner crperience, vague and unaiialyscd, into 
the outer worlcL 

Ilie mami of the Melanesians^ is somewhat more specialised' — all 
men do not possess mafva — but siibBtantially it is the saine ideiL 
Mana is not only a force, it is also an action, a quality, a state, at 
once a substantive, an adjective, and a verb. It is very closely 
neighboured by the idea of sanctity. Tilings that have mmia arc 
UthiL Like orenda it manifests itself in noises, but Niiccially 
mysterious ones, it is that is rustling in the trees, Mana is 

highly contagious, it can pass from a holy stone to a iimri or even 
to his shadow if it cross the stone. ^^All Melatiesiuri I'eligion/' 
Dr Cmlringtoii says, “ consists in getting mana for oneself or getting 
it used for one's benefit*.” 

Specially instructive is a word in use among the Oiiiaka*, mizhui^ 
dhtilhet “directive energy, to send." This word means roughly what 
we shotild call telepathy, sending out your thought or will-[iower to 
influence another and affect his action. Here we seem to get light 
on what has always been a puzzle, the belief in magic exercised at a 
distance. For the savage will, distance is practically non-existent, 
his intense desire feels iteelf aa uon-spatial* 

^ H«wil|, AwMfitAn it, i. p. 32, 1902, N.S. 

' Oodriogtoo, Mtlamtdam^ pp. 118, 119, 192, Oxford, 1§91. 

* Oodrington, p. 120, Oxford, 1891. 

* Prof. Hxddon, Maffit und FauhUm, p. 00, London, 1906, Dr VierlAndi 
Juljr, 1907, p. 41) thinks that Ffnuanha- is a later development from Nahsaubor. 

* Tliii notion of auma, ortttda^ wazhin-dhedh£ and the like livei on among oiviliaed 
peoples in aueh worde m the Vedie brdhman in the neuter, familiar to ua in iti maaculine 
form Brahman. The neuter^ brdhman^ means magic power of a rits, a rite formula, 
charm, also flrit principle, esBenoe of the nmycrBe. It ii own eouiiiii to the Greek 

and Bee MM. Hubert et Manse, '*Tb4oric g4n4rale de la Magic, 117, in L’inttfe 

Soeiologi^e, vii. 
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Tlirough the exaiiiiiiatiou of primitive ritual we have at last got 
at one tangible, subt^tantial factor in religiun, a reaJ live experience, 
the acnse, that is, of will, desire, power actually experienced in person 
by the individual, and by him projected, extended into the rest of 
the world 

At this stage it may fairly be asked, though the question cannot 
with any certainty be answered, at what point in the evolution of 
man does this religious experience come in?” 

So long as an organism reacts immediately to outside stimulus, 
with a certainty and conformity that is almost chemical, there is, 
it would seem, no place, no possibility tor magical experience* 
But when the genn appears of an intellect that can foresee an end 
not immediately realised, or rather when a desire arises that we feel 
and recognise as not satisfied, then comes in the sense of will and 
the impulse magically to intensify that will. The animal it would 
seem is preserved by instinct from drawing into his horizon things 
which do not immediately subserve the conservation of his species. 
But the moment man’s life-power began to tnake on the outside 
world demands not immediately and inevitably realised in action \ 
then a door was opened to magic, and in the train of magic followed 
errors innumerable, but also religion, philosophy, science and art 

The world of rjrenda^ hrdkmmi is a world of teeling, 

desiring, willing, acting* What element ot thinking there may be 
in it is not yet ditferentiated out. But we have already seen that 
a supersensuous world of thought grew up very early in answer to 
other needs, a w'orld of sense-illusions, shadows, dreams, souls, ghosts, 
ancestors, names, numbers, images, a world only wanting as it were 
the impulse of njmna to live as a religion. Which of the two worlds, 
the world of thinking or the world of doing, developed first it is 
probably idle to inquire** 

1 I owe thU obfierr^tion to Dr K. Th. Preoss. He writee {Arthiv f. p* 9S), 

Betonung des WiUens iu den Zauberakten iat dcr riohtige Kern. In der Tut muss 
der Menfloh d©u Wilkn baben, eich selbflt und seiner Umgebung besondere Fahigkeiten 
7 ,u 7 ^ugchreiben, und den Willcn hat er, Bohald sein Veratand ibu befabigt, eine Uher 
den Imtinkt hinau»gehmd^ FUrmrge fitr eioh stu zeigen. Bo lnng& ihn der 
allem UHei, kimnen Zauherhandlutujen nicht For more detailed auaiyeis of 

the origin of magio, ee© Dr ProoBe **Ursprung der Religion und Kunat,” Glohm, 
mixxTi. and lvxxvu* 

* If eitemal atunnli leave on organisme a trace or record such aa ia known w an 
Engram^ this physical basis of memory and hence of thought is almoRt ooincident 
wilb reao^oti of the most eJemmitaiT kind. See Mr Prancii Darwin’s Presidential 
Adiliesi to the British Association, Dublin, 1906, p. B, and again Bergson place* memory 
at the very root of conecioua existence, U^colution Crfatriee, p. 18, Ufond mims 
di mtrt ea^fifcnce tonmitfUe etf meauHVe, ^e§i h dire prolotigaHim du pauie data U pri$mt, 
and again, la durie mord dam le et y laitte l^empreint de $on denty and agaiUr 

une con finua lion rielle dw pattie par It prdsent. 
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It is more important to ask, Why do these two worlds join ? 
Because, it would seem, mann, the egonmniac or megalomaniac 
element, cannot get satisfied with real things, and therefore goes 
eagerly out to a felse world, the supersensnous other-world whose 
growth we hare sketched This Junction of the two is fact, not 
fancy. Among all primitire peoples dead men, ghosts, spirits of all 
kinds, become the chosen Tehicle of nuum. Even to this day it is 
sometimes urged that religion, Le. belief in the immortality of the soul, 
is true “ because it satisfies the deepest craving of human nature.” 
Tlie tw o worlds, of iimna and magic on the one hand, of ghosts and 
other-world on the other, combine so cjisily because tlicy have the 
same laws, or ratlier the same com[>arative absence of law, As in 
the world of dreams and ghosts, so in the world of ^mma, space and 
time ofter no obstacles; with magic all things are possible. In the 
one world what you imagine is real ; in the other what you desire is 

facto accomplished Both worlds are egocentric, megalomaniac, 
filled to the full with unbridled human will and desire 

We are all of us bom in sin, in that sin which is to science “ the 
seventh and deadliest^” anthropomorphism, we are egocentric, ego- 
projective, Hence necessarily we make our gods in our own imaga 
Anthropomorpliism is often siK>keii of in books on religion and 
mythology m if it were a last climax, a siilandid final achievement in 
religious thought, Fii’st, we are told, wo have the lifeless object as 
god (fetichism), then the plant or animal (phytoniorphism, therio- 
morphisin), and last God is incarnate in the human form divine. 
This way of putting things is misleading. Authropomorphism lies at 
the very begiiining of our cotisciouBness. Man’s first achievement in 
thought is to realise that there is anything at all not himself, any 
object to his subject, ^\lien he has achieve however dimly this dis- 
tinction, still for long, for verj' long he can only think of those other 
things in terms of himself ; plants and animals are people with ways 
of their own, stronger or weaker than himself but to all intents and 
purpijses human. 

Again tho child helps us to understand our own primitive solves. 
To cliildren aniiiiuls are alw^ays iieople. You promise to take a child 
for a drive. The child conies up beaming with a furry bear in her 
arms. You say the bear cannot go, Tlte child bursts into tears. You 
think it is because the child cannot endure to be separated from a 
toy. It is 110 such thing. It is the intolerable hurt done to the bear g 
human heart — hurt not to be healed by any profier of buns. He 
wanted to go, but he was a shy, proud bear, and he would not say so. 

The relation of magic to religion has been much disputed 
According to one school religion develops out of magic, according 
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to another, though they ultimately blend, they are ut the outlet 
diametrically oppoBcd, magic being a sort of rudimentary and miH- 
taken acienecS religion having to do from the oiitaet with 

Blit, Betting controversy aside, at the presc'iit atage of our inc|iiiry 
their relation liecomes, I think, fairly clear. Magic is, if iny* view be 
correct, the active element which informs a sit[>ersctiKiioiis world 
iashioned to meet other needs. This blend of theory and practice 
it is convenient to call religion. In practice the transition from 
magic to religion, from SpeU to Prayer, has always been found easy. 
So long as nmna remains impersonal you order it about ; when it is 
personifie<I and bulks to the shape of an overgrown man, you drop 
the imperative and cringe before it. Mg ^riU be rfottc is magic, Thg 
Witt be done is the last word in religion. The moral discipline 
involved in the second is momentous^ the intellectual advance not 
striking. 

I have spoken of magical ritual as though it wrere the iiifunning 
life-spirit without which religion was left as an empty shell Yet 
the word ritual does not, as normally used, convey to our minds this 
notion of iiiteiiBC vitalism. Rather w^e associate ritual with something 
cut and dried, a matter of prescribed form and iiionotonoiis rci>etition. 
The aHSociation is correct; ritual tends to become less and less in- 
formed by the life-impulse, more and more externalised. Dr Beck® 
in his brilliant monograph on Imitation has laid Btress on the almost 
boundless influence of the imitation of one man by another in the 
evolution of civilisation. Imitation is one of the cliicf spurs to 
action. Imitation begets custom, custom begets sanctity. At first 
all custom is sacred To the savage it is as much a religious duty to 
tattoo himself as to sacrifice to his gods. But certain customs 
naturally survive, because they are really useful; they actually 
have good effects, and so need no social satictioiu Others are 
really useless; but man is too conservative and tmilative to abandon 
them. Tliesc become ritoaL Custom is auitioiiH, but lu rt> esl 
ai/atoire^. 

Dr Beck's remarks on ritual are I think pixifoumlly true and 

> Hut Tiew hM bj Br Frazer la My set forth in hit QMen (2nd edit.), 

pp, 78—72, London, 1200- It is initidfied by Mr B, K. Mnretl iu Fmm SpeU to Prayrr, 
Folk^Lora, XI. 1900, p. 132, lUso Tory folly hj MH. Hubert ud Mnniii, **Tbdorie g^n^rale 
de In Mneie," In VAmtie Soa'oiop%w, ra. p. I, with Mr M&retCa view tnd with that of 
MM. Hubert and Man^ I am in snbatAiitial agreement. 

* Thii Tiew at eipbined on p. 508 is, 1 believe, my own most fleriont oontribatioti to the 
iubjcct. In thinking it out I wae much helped by Prof, Gilbert Marrny, 

■ DU iVuchahmung und tftre Bedeutung filr FtpehologU und V^kerktindtt Leipzig, 
1904. 

* Bergnon, op. cif* p. 143. 
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BUggCRtive, but with this roeervation — they are true of ritual only 
when miiiit\)niie(l by j>emonal experience. The very elements in 
ritual on which Dr Heck layB such strees^ imitation, repetition, 
unifoniiity nr id Bocial collectivity, have been found by the exiierionce 
of all time to have a twofold iefluence^they inhibit the intellect, 
they Htimiilate and suggest emotion, ecstasy, trance. The Church of 
Rome knows what she is about when she prescribes the telling of 
the rosary. Mystcrj’-cults and sacraments, the lineal descendants of 
magic, all contaiti rites charged with suggestioti, with symbols, with 
gestures, with half-understood formularies, with all the apjmratus of 
ap|)eal to emotion and will — the more unintelligible they are the better 
they serve their purpose of inhibiting thought. Thus ritual deadens 
the intellect and stimulates will, desire, emotiofi. ^*Leji &p^€iiiam 
le r/guiM d'une seieitee et d*mie habitude qni 
fjraUent la vuimM hunmine au-dessus de ses limites habiiuflleMK'^ 
It is this personal e^x^rienee, this exaltation, this sense of immediate, 
noii>intellectuul revelation, of mystical oneness with all things, that 
again and again rehabilitates a ritual otherwise moribuniL 

To resume. The outcome of our examination of oriffine^ seems 
to l)c that religious phenomena result from two dcliiNive processes — 
n delusion of the non-critical intellect, a delusion of the over-con- 
fident will. Is religion then entirely a delusion? I think not^ 
Every tlognm religion has hitheito produced is iirobaI>ly false, but 
for all that the religious or mystical spirit may be the only way <if 
apprehending some things and these of enormous importaiice. It 
may also lie that the contents of this mystical apprehension cannot 
l>e imt into language without being falsifietl and misstated, that they 
have rather to \w felt and lived than uttered and intellectuaily 
analysed, and thus do not properly fall under the categorj* of true or 
false, in the sense in which these words are applied to propositions ; 
yet they may 1 j© something for which “true” is our nearest existing 
worrl and are often, if not necessary at least highly advantageous 
to llfcv Tliat is why man through a series of more or less grossly 
aiithroponmrphic mytholc^es and theologies with their concomitant 
rituals tries to restate theui. Meantime we need not di^pair. 
Serious iwychologj' is yet young and has only just joincfl hantls 
with physiology. Religious students are stiO hami)ered by inedi- 
aevalisms such as Ikidy and Soul, and by the perhajis scarcely less 

^ ^Uphmi Doffme et Riiuet de fa haute Magie, n. p. 33, PsHi, 1B61, and 

dflfenc« of Muflfic/* bj Evelyn Underhill, FortnighUg Remew^ 1907. 

’ 1 &m deeply e<>DHeio-iie that wb&t I say here is a merely personal opi nion or ten ti men I, 
unnupportod and |^rhapn uniupportahle by reason, and very poasibly quite worth leea, but 
for fear gf uiiBunderetauding 1 prefer to state it. 
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mytholo^cal segregations of Intellectj Emotion, Will. But new facts ^ 
are accumulating, facts about the formation and flux of personality, 
and tlie relations between the conscious and the sub-conscious. Any 
moment some great imagination may leap out into the dark, touch 
the secret places of life, lay bare the cardinal mystery of the marriage 
of the sjjatial with the non-spatial. It is, I venture to think, towards 
the apprehension of such mysteries, not by reason only, but by man's 
whole personality, tliat the religious spirit in the course of its evolu- 
tion through ancient magic and modern mysticism is ever blindly yet 
persistently moving. 

Be this as it may, it is by thinking of religion in the light of 
evolution, not as a revelation given, not as a r^UtS faite but as a 
process, and it is so only, I tliink, that we attain to a spirit of real 
patience and tolerance. We have ourselves perhaps learnt laboriously 
something of tlie working of natural law, something of the limitations 
of our human will, and we have therefore renounced the practice of 
magic. Yet wo are bidden by those in high places to pray ^^Sanctify 
this water to the mystical washing away of sin,'' Mystical in this 
connection spells ma^cal, and wc have no place for a god-magician : 
the prayer is to us nmiieaning, irreverent. Or again, after much toil 
we liave ceased, or hope wo have ceased, to think anthropoinorphically. 
Yet we are invited to oiler formal thanks to God for a meal of flesh 
whose sanctity is the last survival of that sacrifice of bulls and goats 
he lias renounced. Such a ritual confuses our intellect and falls to 
stir our emotion. But to others this ritual, magical or anthropo- 
morphic as it is, is cliarged with emotional impulse, and others, a 
still larger number, think that they act by reason when really they 
are hypnotised by suggestion and tradition ; their fathers did this 
or that and at all costs they must do it. It was good that primitive 
man in his youth should bear the yoke of conservative custom ; from 
each man's neck that yoke will fall, when and because lie has out- 
grown it. Science teaches us to await that moment with her own 
inward and abiding patience. Such a patience, such a gentleness we 
may well seek to practise in the spirit and in the memory of Darwin. 

^ See the Proceedings of the Society for Psychical Eefsearch, London^ and 

especially Vols. vii. — s¥. For a valuable collection of the phenomena of mystioieio, see 
William James, Varieties of Religious Experience, Edinburgh, 1901—2. 
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EVOLl’TIOX AND THE SCIENCE OF LANGUAGE 

Ht P. Giuk, MJL, le d. (AberdceaX 

Hmdtr m Cmmfmrmiim J’kUclofjf u tie Umivrrmtp ^ CmmbrUft. 

In ou irtasd; bu the historical method had a more Mdutar; iti- 
flumrr than in the Sciefioe of Langnage. Eren the eaHictit records 
Hhow that the meaning of the names of persons, pUcen, and ronumm 
otyecU was then, aa it has alvayB been since, a matter of inU>mit to 
ntaiikliKL And in every age the common man has rcganicd liimiiclf 
as mm|>oteiit witliout H|iccial training to explain by iiis|Nx;tion (if one 
may use a luathcmatical phrase) the meaning of any wonls that 
attrimU'd his atUmtion. Out of this amateur otynmlogiKlng Ims 
sprung a great amount of false history, a kind of historical iiiytliology 
Invented to explain familiar names. A single oxainplu will llliistmti) 
the tundeiiey. According to the local legend the ancestor of tlie 
Earl of Krndl — a linslxiitdman who stayed the flight j»f his i*oiiiitry* 
men In the Imttlo of Luncarty and won the victory over the Danea 
by the help of the yoke of bis oxen — exhausted with the fray 
uttere«l the exclamation Hock heigh ! The grateful king about 
to ennoUe the victorioos plongfaman at once replied : 

Hoch hetgil ! aid 
And H* j stun jw 

The Xonnan origin of the name Hay is w^-known, and the battle of 
Laocarty long prooeded the appearance of Normans in SooUand, but 
the legend neverthelea persists. 

Though the earliest Fhiropean treatise on phOologica] (|iiestions 
which b now extant — the CVu/jdas of Plato, — as might be expected 
from its authoiwhi|i, contains some aente thinking and some shrewd 
gneasca, yet the work as a whole is infantine in its handling of 
language, and it has been doubted whether Plato was mure than 
half serious in some of the suggestions which be puts forward'. In 

* For ftn ftoeount of lb« CraryJiu wilh refemices to Utermiiara urn HhUtrf 

^ HfhoUtthip^ t. p. 92 ff., CSwnbtidge, 1903. 
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the hands of the Homans things were worse even than they had been 
in the hands of Plato and his Greek successors* The lack of success 
on the part of Varro and later Roman writers may have been pai^tlj 
due to the fact that, from the etymological point of view, Latin is a 
much more difficult language than Greek. It is many stages further 
removed from the parent language than Greek is ; it is by no means 
so closely connected with Greek as the ancients imagined, and they 
had no knowledge of the Celtic languages from which, on some sides 
at least, much greater light on the history of the Latin language 
might have been obtained Roman civilisation was a late develop- 
ment compared with Greek, and its records dating earlier than 
300 B,c.— a period when the best of Greek literature was already in 
existence— are very few and scanty, Varro it is true was much more 
of an antiquary than Plato, but his extant works seem to show that 
he was rather a '^dungeon of learning"’ than an original thinker, 

A scientific knowledge of language can be obtained only by com- 
parison of different languages of the same family and the contrasting 
of their characteristics with those of another ffimOy or other fitmilies. 
It never occurred to the Greeks that any foreign language was worthy 
of serious study. Herodotus and other travellers and antiquaries 
indeed picked up individual words from various languages, either 
as being necessary in communication with the inhabitants of the 
countries where they sojourned, or because of some point which 
interested them personally, Plato and others noticed the similarity 
of some Phrygian words to Greek, but no systematic comparison 
seems ever to have been instituted. 

In the Middle Ages the treatment of language was in a sense 
more historical* The Middle Ages started with the hypothesis, 
derived from the book of Genesis, that in the early world all men 
were of one language and of one speech* Though on the same 
authority they believed that the plain of Shinar had seen that 
confusion of tongues whence sprang all the languages upon earth, 
they seem to have considered that the words of each separate 
language were nevertheless derived from this original tongue. And 
as Hebrew was the language of the CJliosen People, it was naturally 
assumed that this original tongue was Hebrew, Hence we find 
Dante declaring in Ms treatise on the Vulgar Tongue^ that the first 
word man uttered in Paradise must have been Ely the Hebrew name 
of Ms Maker, while as a result of the ffill of Adam, the first utter- 
ance of every cMld now bom into this world of sin and misery is hm, 
Alas! After the splendidly engraved bronze plates containing, as 
now know, ritual regulations for certain cults, were discovered in 
1444 at the town of Gubbio, in Umbria, they were declared, by 

I Dante^ de Vulgari EloquiOf i. 4, 

B* 33 
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mme authorities, to be written in excellent Hebrew, ^JHie study 
of thoiti hfiH l»c6]i the faBcination and the des[jair of many ti i>hllo< 
legist llianks to the devoted labours of numerous HchoIarH, mainly 
in the last sixty years, the general drift of these iiiacri|ittons 
Is now known. They are the only important records of the ancient 
Umbrian language, which was related closely to that of tlie SHuintlea 
and, though not so closely, to that of the Romans on the other side 
of the Apetitiinea Yet leas than twenty years ago a book was 
fHiblished in tienitaiiy, which boasts itself the home of Comparative 
Phitolog>\ wherein the Cermaii origin of the Umbriati language wae 
no lefm solemnly demonstrated than had been its Celtic origin by 
8ir William Betham in 1842. 

It is good that the study of language should be historical, but the 
first re<|uisito is that the history dould be soiuid How little bad 
been learnt of the true historr of language a century ago may be seen 
rn>ni a little book by Stephen Weston first published in 1B02 and 
several tiniea reprinted, where accidental assonance is ounstdered 
sufficient to establish connection. Is there not a word bo4l tit Kiiglisb 
and a word Imd in Persian which mean the same thing! Clearly 
therefore Persian and English must be connected The conclusion is 
true, but it is dniwn from erroneous premises. As stated, this identity 
lias no more value than the similar assonance between the English 
ooccr and the Hebrew kophar, where the history of cover as coming 
thnmgli Ei'eiich from a Latin was even in 1802 well-known 

to many. To this day, in spite of recent elaborate attempts^ to 
osUiblish connection between the Indo-Germanic and the Heniitic 
faniilieM of languages, there is no satisfactory evidence of Hiich re* 
lation between these families. This is not to deny the jHiHHibtlily of 
such a coniioctioii at a very early period; it is merely to say that 
through the lapse of long ages all trustworthy record of such relation* 
shi|i, if it ever existed, has been, so far as present knowledge extctidii, 
obliterated 

But while Stephen Weeton was puUishiiig, with much puUic 
apimival, his collection of amngmg similarities between languages — 
similatilios which proved nothing — ^the key to the historicxil study 
of at least one family of languages had already been found by a 
learned Etiglisliiiiati in a distant land In 1783 Sir William Joiioii 
ha<l liecn sent out as a judge in the supreme court of judicature 
in BeiigaL While still a young man at Oxford he w*aa noted as a 
linguist; his reputation as a Persian scholar bad preceded him to 
tlie ¥!mL In the intervals of his profc^ional duties he made a 
careful study of the language which was held sacred by the natives 

' Mo»t rooonlly in H, MoUer'a Semitiieh uiid Indo^etmanUch^ Eriter Tetl, Kopanhfcgtsn, 
1907, 
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of the country in which he was living. He was rnainly instrumoiital 
in oHtablishing a society for the investigation of language and related 
subjects. He was himself the first president of the society, and in 
the “thirtl anniversary diflcourse” delivered on February 2, 1?86, he 
miide the following observations: ^The Sanscrit language, whatever 
be its antiquity, is of a wonderful structure; more perfect than the 
Greeks mure cxipious than the Latin, and more exquisitely refined 
than either, yet bearing to both of them a stronger affinity, both in 
the roots of verbs and in the forms of grammar, than could pcswibly 
have bi^ti produced by accident; so strong iiHleed, that no philologer 
could examine them all three, without believing them to have sprung 
from Rome common source, which, perhaps, no longer exists: there is 
a similar reason, though not quite so forcible, for supposing that both 
the Gothick and the Celtick, thou^ blended with a very different 
idiom, had the same origin with the Sanscrit; and the old Persian 
might be added to the same family, if this was the place for dis- 
cussing any question concerning the antiquities of Persia 

No such eiMJch-makiiig discovery was probably ever announced 
with flourish of trumpets, ITiough Sir William Jones lived 
for eight years more and delivered other anniversary discourses, he 
(ulded nothing of importance to this utterance. He had neither the 
time nor the health that wae needed for the prosecution of so 
arduous an undertaking. 

Blit the good seed did not fall iiixm stony ground. The news 
was siioodily conveyed to Europe, By a happy chance, the sudden 
renewal of war between France and England in 1B03 gave Friedrich 
Schlcgel the opportimity of learning Sanscrit from Alexander 
Hamilton, an Englishman who, like many others, was confined in 
Paris during the long strug^e with Napoleon. The influence of 
Schlegel was not altogether for good in the history of this re- 
search, but he was inspiring. Not upon him lait uimhi Fmni Bopp, 
a struggling German student who spent some time in Paris and 
Ijondoti a doien years later, fell the mantle of Bir William Jones. 
In Bopp's Comparative Grammar of the Indo-Germanic languages 
which ap|ieared in 1833^ three-quarters of a century ago, the 
foundations of Comparative Philology were laid. Since that day 
the literature of the subject has grown till it is almost, if not 
altogether, beyond the power of any single man to cope with it 
But long as the discourse may be, it is but the elabomtion of the 
text that Sir William Jones supplied 

With the publication of Bopp's Comparative Grammar the 
historical study of language was put upon a stable footing. Need- 
loss to say much remained to be done, much still remains to be 

1 Asiatic Benarchei, i. p. 432, Works of Sit W. Janw, i. p. 26, London, 
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done. More than once there hae been danger of the study following 
erroneous paths. Its terminology and its point of view have in some 
degi'ee changed. But nothing can shake the truth of the statement 
that the Indo-Germanic languages constitute in themselves a family 
sprung from the same source^ marked by the same characteristics^ 
and differentiated from all other languages by formation, by vocabu- 
lary, and syntax. The historical method was applied to language 
long before it reached biology. Nearly a quarter of a century before 
Charles Darwin was bom, Sir William Jones had made the first 
suggestion of a comparative study of languages. Bopp's Comparative 
Grammar began to be published nine years before the fii'st draft of 
Darwin's treatise on the Origin of Species was put on paper in 1842. 

It is not therefore on the history of Comparative Philology in 
general that the ideas of Darwin have had most influence. Un- 
fortunately, as Jowett has said in the introduction to his translation 
of Plato's R^puhlmy most men live in a corner. The specialisation 
of knowledge has many advantages^ but it has also disadvantages^ 
none worse perhaps than that it tends to narrow the specialist's 
horizon and to make it more difficult for one worker to follow the 
advances that are being made by workers in other departments. No 
longer is it possible as in earlier days for an intellectual prophet to 
survey from a Pisgah height all the Promised Land. And the case 
of linguistic research has been specially hard. This study has, if the 
metaphor may be allowed, a veiy extended frontier. On one side it 
touches the domain of literature, on other sides it is conterminous 
with history, with ethnology and anthropology, with physiology in so 
far as language is the production of the brain and tissues of a living 
being, with physics in questions of pitch and stress accent, with 
mental science in so tar as the principles of similarity, contrast, and 
contiguity affect the forms and the meanings of w^ords through 
association of ideas. The territory of linguistic study is immense, 
and it has much to supply which might be usefrd to the neighbours 
who border on that territory^ But they have not regarded her even 
with that interest which is called benevolent because it is not 
actively maleficent. As Horne Tooke remarked a century ago, Locke 
had found a whole pliilosophy in language. What have the pliiloso- 
phers done for language since ? The disciples of Kant and of Wilhelm 
von Humboldt supplied her plentifiilly with the sour grapes of 
metaphysics; otherwise her neighbours have left her severely alone 
save for an occasional “Ansflug,” on which it was clear they had 
sadly lost their bearings. Some articles in Psychological Journals, 
Wundt’s great work on YoXkerp%ydmlogie\ and Mauthneris brilliantly 

^ Erster Band: I>i€ Leipzig, 1900. New edition, 1904. Thia work has been 

fertile in producing both opponents and supporters. Ddbriiek, Qrimdjragm dsr 
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written Beitr^e zu eimr Kritik der Sprache^ give some reason to 
hope that, on one side at least, the future may be better than 
the past. 

Where Charles Darwin's si>ecial studies came in contact with the 
Science of Language was over the problem of the origin and develop- 
ment of language. It is curious to olBerve that, where so many fields 
of linguistic research have still to be reclaimed— many as yet can 
hardly be said to be mapped ont, — ^the least accessible field of all— 
that of the Origin of Language — has never wanted assiduous tillers. 
Unfortunately it is a field beyond most others wdiere it may be said 
that 

Wilding oats and luokloss darnel grow. 

If Comparative Philology is to work to purpose here, it must be on 
results derived from careftiL study of individual languages and groups 
of languages. But as yet the group wliich Sir William Jones first 
mapped out and which Bopp organised is the only one where much 
has been achieved. Investigation of the Semitic group, in some 
respects of no less moment in the history of civilisation and religion, 
where perhaps the labour of comparison is not so difficult, as the 
languages difter less among themselves, has for some reason strangely 
lagged behind. Some years ago in the Aimriemi Journal of Philo- 
logy Paul Haupt pointed out that if advance was to be made, it 
must be made according to the principles which had guided the 
investigation of the Indo -Germanic languages to success, and at last 
a Comparative Grammar of an elaborate kind is in progress also for 
the Semitic languages®. For the great group which includes Finnish, 
Hungarian, Turkish and many languages of northern Asia, a beginning, 
but only a beginning, has been made. It may be presumed from the 
great discoveries which are in progress in Turkestan that presently 
much more will be achieved in this field. But for a certain utterance 
to be given by Comimrative Philology on the question of the origin 
of language it is necessary that not merely for these languages but 
also for those in other quarters of the globe, the facts should be 
collected, sifted and tabulated. England rules an empire which con- 

Strasaburg, 1901, with a rejoinder by Wundt, Sprachge&cMchti and Sprach- 
psycholoffie, Leipzig, 1901; L. Siitterlin, Das Wesen der SprachgeUld^, Heidelberg, 1902; 
von Bozwadoweki, WortMldung nnd Worthedeutungf Heidelberg, 1004; 0. Dittrich, 
Qrundzilge der SprachpsychologiSj Halle, 1904 ; Ch. A- Secheb&ye, Programme et mSthodes 
de la linguistique th^oriquef Pari a, 1908. 

3 In three parta: (i) Sprarhe und Peychologie, (ii) Zm Sprachytissenschaft, both 
Stuttgart 1901, (iii) Zur Grammatik und Logik (with index to aU three volumes), Stutt- 
gart and Berlin, 1902, 

^ Erockelmann, Vergleichf.nde Graurwiatik der seMitischen Sprachent Berlin, 1907 n. 
Brookelmann and Zimmern had earlier produced two small hand-books. The only lar^ 
work was William Wright^s Lectures on the Comparutwe Grammorr of Semitic 
LanguageSf Cambridge, 1890. 
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tains a greater variety of languages by fiir than were ever held under 
one sway before. The Government of India is engaged in producing, 
under the editorship of Dr Grierson, a linguistic survey of India, a 
renmrkable undertaking and, so for as it has gone, a remarkable 
achievement Is it too much to ask that, with the support of the 
colonies, a similar survey should be undertaken for 
the whole of the British Empire * 

Notwithstanding the great number of books that have been 
written on the origin of language in the last three and twenty 
centuries, the results of the investigation whieh can be described 
as certain are very meagre. The question originally raised was 
whether language came into being 6e<7ei or 0tJo'et, by convention or 
by nature. Tlie first alternative, in its baldest form at least, has passed 
from out the field of controversy. No one now claims that names were 
given to living things or objects or activiti^ by formal agreement 
among the members of an early community, or that the first father of 
n^kind passed in review every living thing and gave it its name. 
Even if the record of Adam’s action were to be taken literally there 
would still remain the question, whence had he this power ? Did he 
develop it himself or was it a miraculous gift with which he was 
endowed at his creation? If the latter, then as Wundt says^ “the 
miracle of language is subsumed in the miracle of creation.” If 
Adam develop^ language of himself, we are carried over to the 
alternative origin of On this hypothesis we must assume that 

the natural growth which modem theories of development regard 
as the painful progress of multitudinous generations was contracted 
mto the experience of a single . individual* 

But even if the origin of language is admitted to be nattiral 
there may still be much variety of signification attached to the 
woi-d: like most words which are used by philosophera, has 

accumulated many meanings, and as research into the natural world 
proceeds, is accumulating more. 

Eorty years ago an animated controversy raged among the sup- 
porters of the theories which were named for short the bow-wow, the 
pooh-pooh and the ding-dong theories of the origin of language. Tlie 
^rd, which was the least tenacious of life, was made known to the 
English-speaking world by the late Professor Max Miiller who, how- 
ever when questioned, repudiated it as his own belief^. It was taken 
by him from Heyse’s lectures on language which were published 
posthumously by Steinthal. Put shortly the theory is that “ every- 
mmg whieh is strack, rings. Each substance has its peculiar ring. 
VV e can tell the more and less perfect structure of metals by their 

^ Volkerp&ychologu, i. 2, p, 585, 

^ Science of Thmight^ IjondDii, 186?, p, 2H. 
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viliratlonfl, by tho answer which they give Gold ring** difiereiitty 
fnnii tin, wood ritigB dUferently from stone; and different eoitnda are 
produced according to the nature of each percuiHiott. It may he 
the same with man, the moet highly organi^ of nature's work’.” 
Max Mullers repudtation of this theory waa, boweTer, not ¥ery 
whole-hearted for he proceeds later in the sune aigtuiieni : " Heyse's 
theory, which I neithw adopted nor rejected, but which, as will be 
seen, is by no means incompatible with that which for many years 
has been gaining on me, and which of late has been so cl^ly 
formulated by Professor Noir^, has been asaailetl with ridicule and 
toni to pieces, often by persons wh<i did not even siisi>ect how much 
truth was hidileii l)ehind its paradoxieal appmraiica Wo are still 
very fiir from l>eitig able to identify roots with tiervous vibrations, 
but if it sliould appear hereafter tliat sensuous vilirations supply at 
least the raw tnaterml of roots, it is quite possible that the theory, 
proposed by Oken and Heyae, will retain its place in the hiatory of 
the varioas attempts at sol ving the problem of the origin of language, 
when other theories, which in our own days were reoeiTed with 
popular apidause, will be comidetely forgotten*.** 

like a good deal else that has been writlen on the origin of 
language, this statement perhaps is not likely to be altogether clear 
to the [ilain man, who may feel that even the " raw material of roots 
is seine distance reiiiovctl from nervous vibrations, though obviously 
witlnmt the existence of afferent and efferent nerves lirticiilate siiecch 
would lie iropoHsibIc. But Ileyse's theory undoubtedly was that every 
thought or id<^ which occunxMl to the mind of man for the first time 
had its own special phonetic exjiression, and that this reaponsive 
fiiculty, when its object was thus fulfilled, became extinct» Apart 
from the phUoaophkaJ question whether the mind acts without 
external stimulus, into which it is not neceasaiy to enter here, it is 
clear that this theory can neither be proved nor disproved, because 
it iKiMtulates that this (acuity existed only when language first began, 
and later altogether disapjieareiL As we have already seen, it is 
imjKwsiblc for us tti know wliat hiqqicned at the fli*st beginnings of 
language, because we have im iriformatioti from any jieriml even 
appn»xiiiiately so remote; nor arc we likely to attain it Even in 
their earliest stages the grrat families of l^guage which possess a 
history extending over many centuries — the litdo*Germantc and the 
Semitic — have very little in common. With the exee|]lion of Chinem^ 
the languages which are afipamiUy of a simpler or more priniitive 
formation have either a history which, compared with that of the 
fiunilicH mentioned, is very short or, as in the oise of the vast 
minority, have no history beyomi the time exteiidii^ only over a 

‘ If&x MiiU«r ibofv, IruiikliiiK ffom Htji*, * Scitmet nf ilf. 
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fuw ydirfl 4ir, at iiioatt a few ceiitiirios when they liave Ijoeii oljaarved 
by coinpetoiit rtcliolars of Fjiiropefiti origin. But^ if we may jiiclge by 
the hintory of geology and other etudiee, it in well to be cautioua 
in aiMiming for the fiiwt ilagee of develofiaient force® which do 
ikH operate in the later, unlewi we hare direct erkleDor of their 
existence. 

It is UDiiccciwrj here to enter inlo a prolonged diecnaiiuii of the 
other riews christened by Max Mailer, not without energetic protest 
from their supiiortera, Uie /«nr*f#Yrtr and /J00A-/100A theories of lan- 
guage. Suffice it to nay tliat the former recogiiisce as a sour «30 of 
language the iiiiitatioii of the sounds made by animalK, the fall of 
iKulieH into water or on to solid HiibstaiiceH and the like, while the 
latter, also called the iiiterjectioiml theory, looks to the natural 
ejaeiilatioim prtMliiced by jsirticiilar forms of effort for the first 
beginnings of sfieeciL It would be futile to deny that some words 
in most languages come from imitatioii, and that othem, probably 
fewer in ntunber, can be traced to ejaculatkiaa. But if etlhcr of 
these eoaroes akme or both in cotubinatioti gare rise to primitire 
speech, it dearly must hare been a simple fonn of language and rery 
limited in amount There b no reason to think that it was otherwise. 
Presumably in its earliest stages language only iiidicatod the most 
elementary iileHs, demaiids ftir food or tlie gratification of other 
iqipetitCB, indiditioiiH of danger, useful nnininlH and [daiita. Home 
of these, such m animals or indications uf danger, could often be 
easily represeiitcHl by imitative sounds: the iieeil for food and the 
like could be indicated by gesture atul natural cries. Both sources 
are rente eammte i to them Xoiri, supported by Max Miiller, has 
added another which has sometinies been call<^ the li>-Aeatw-Aa 
theory. Xoire contends that the real crux in the early stages of 
language b for primitire man to make other primitire men tinder- 
sta^ what he meana The rocal signs which commend tbeaiiielTn» 
to one may not hare oocuired to another, and may therefore be 
unintelligible. It may lie admitted iliat this difficulty exists, but it 
b not insu|ierabl©. Tho ohl story of the Kiiroi>eaii in ('liiim who, 
sitting down to a ineal mid l>oing doubtful what the meat in tlie dish 
inight Ik 5 p addressed an interrogative Quaek-ffuw*kf to the waiter and 
was promptly answered by /foir-iwir, illustrates a simple situation 
where mutual umlerslaiiding was easy. But obviouHly many situations 
would be more complex than tlib^ and to grapple with them NoM 
has introduoed hb theory of communal action. It was common 
effort directed to a oocunKHi object, it was the most primitire 
imraUesie} labour of our ancestors, from which sprang language and 
the life of reason K* As illiistimtions of such common effort he cites 
> Nolri, Iter Vrtprmm^ 4er B^rmthe, p. SSI, Mmisx, 1S77. 
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battle cries, the rescue of a ship running on shore (a situation not 
likely to occur very early in the history of man), and others. Like 
Max Muller he holds that language is the utterance and the organ 
of thought for mankind, the one characteristic which separates man 
from the brute. “In common action the word was first produced; 
for long it was inseparably connected with action ; through long- 
continued connexion it gradually became the firm, intelligible symbol 
of action, and then in its development indicated also things of the 
external world in so far as the action affected them and finally the 
sound began to enter into a connexion with them In so far 

as this theory recognises language as a social institution it is un- 
doubtedly correct. Darwin some years before Noir<S had pointed 
to the same social origin of language in the fourth chapter of his 
work on The Expression of tJm Emotions in Mmi and Animals* 
“ NaturaHsts have remarked, I believe with truth, that social animals, 
from habitually using their vocal organs as a means of intercommuni- 
cation, use them on other occasions much more freely than other 
animals.... The principle, also, of association, which is so widely 
extended in its power, has likewise played its j>art. Hence it allows 
that the voice, from having been employed as a serviceable aid under 
certain conditions, inducing pleasure, pain, rage, etc., is commonly 
used whenever the same sensations or emotions are excited, under 
quite different conditions, or in a lesser degree®.” 

Darwiif s own views on language which are set forth most fully in 
The Descent of Mmi^ are characterised by great modesty and cantion. 
He did not profess to be a philologist and the facts are naturally 
taken from the best known works of the day (1871)* In the notes 
added to the second edition he remarks on Max Midler's denial of 
thought without words, “what a strange definition must here be given 
to the word thought^ ! ” He naturally finds the origin of language 
in “the imitation and modification of various natural sounds, the 
voices of other animals, and man's own instinctive cries aided by signs 
and gestures^*... As the voice was used more and more, the vocal 
organs would have been strengthened and perfected through the 
principle of the inherited effects of use ; and this would have reacted 
on the power of speech^.” On man's own instinctive cries, he has 
more to say in The Expression of the Emotions'^^ These remarks 
have been utilised by Prof. Jesi>ersen of Copenhagen in propounding 
an ingenious theory of his own to the effect that speech develops out 
of singing®. 

1 op. cit. p. 339. “ The E:^prmim of the Emoti(m», p. 84 (Popular Ediiton, 1904). 

a p. 131 ft. (Popular Edition. 1906). * op. ciL p. 135, footnote 63. 

® op. eAt. p. 132. ^ op. ciL p. 133. 

^ p. 93 (Popular Edition, 1904) and else where. 

® Progress in Language, p. 361, London, 1894. 
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y^i*^ B-nd in many books Max Miiller argued against 
Daren’s views on evolution on the one ground that thought is im- 
possible without sp^h ; consequently as speech is confined to the 
human race, there is a gulf which cannot be bridged between man 
and all other creatures^ On the title-page of his Sdeme of ThmigU 
he put the two sentences No Reoson w^Jiout JjiMigu<ige : No 
Lcmgtutge witkmit Reason* It may be readily admitted that the 
second dictum is tnie, that no language properly so-called can exist 
without reason* Various birds can learn to repeat words or sentences 
used by their masters or mistresses* In most cases probably the 
birds do not attach their proper meaning to the words they have 
learnt; they repeat them in season and out of season, sometimes 
ap^rently for their own amusement, generally in the expectation, 
raised by past experience, of being rewarded for their proficiency* 
But even here it is difficult to prove a universal negative, and most 
possessors of such pets would repudiate indignantly the statement 
that the bird did not understand what was said to it, and would also 
contend that in many cases the words w^Mch it used were employed 
in their ordinary meaning* The first dictum seems to be inconsistent 
with fact. The case of deaf mut^, such as Laura Bridgeman, who 
became well educated, or the still more extraordinary case of Helen 
Keller, deaf, dumb, and blind, who in spite of these disadvantages 
has learnt not only to reason but to reason better than the average 
of pei'sons possessed of all their senses, goes to show that langii^e 
and reason are not necessarily always in combination. Reason is 
but the conscious adaptation of means to ends, and so defined is a 
faculty which cannot be denied to many of the lower animals* In 
these days when so many books on Animal Intelligence are issued 
from the press, it seems unnecessary to labour the point* Yet none 
of these animals, except by parroMmitatioii, makes use of speech, 
because man alone possesses in a sufiicient degree of development 
the centres of nervous energy which are required for the working 
of articulation in speech* On this subject much investigation was 
carried on during the last years of Darwin s life and much more in 
the period since his death. As early as 1861 Broca, following up 
observations made by earlier French writers, located the centre of 
articulate speech in the third left frontal convolution of the brain. 
In 1876 he more definitely fixed the organ of speech in “the posterior 
two-fifths of the third frontal convolution^,'* both sides and not merely 
the left being concerned in speech production. Owing however to 
the greater use by most human beings of the right side of tlie body, 

1 Some infcereatiDg comments on the theory will be found in a lecture on Thought and 
Language in Samuel Butler’s Essays on Life, Art aM Science, London, 1908. 

^ Macnamaia, Human Speech, p* 197, London, 1908. 
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the loft Hide of the brain, which ia the mot<»r centre for the right aide 
of the Unly, ia more highly developed than ita right aide, which niovea 
the left aide of the body. The investigatioiui of I^nifiawoni Feiricr, 
Hherrington and Uriiiibanm have still more preciaety defliied the rela- 
tlona between brain areas and certain groupa of mtuclea. One form of 
apbaata U the result of injoir to w disease in the third frontal oonvolu- 
tkm bocanae the motor omtre is no longer equal to the task of aeiting 
the neconaty muscles in motion. In the brain of Miots who are 
unable to apeak, the centre for speech ia not developed'. In the 
anthropoid apes the brain is snnilariy defective, though it has been 
demonstrated by Professors Cunningham and Marchand “ that there 
Is a tendency, cspectalH in the gorilla’s brain, for the third frontal 
oonvolntion to assnme the homan fonn....But if they pomtmtA a 
centre for spereh, those parts of the bemiaplierffi of their bfmirw 
which form the mectianisma by which tnCellixetice li ehibormted are 
•0 ill-dereloped, as compared with the rest of their bodiea» that 
we can not conceiTe, eTen with more perfect frontal cotiroluliona^ 
that theae animalg could formulate kl^ exprmible in intelllgeni 
•poech*/^ 

While Max Miiiler s theory is Shelley's 

gave man speech, and speech created thought, 

Which i(! the measure of the univerHn*,** 

It N 30 I 1 IS iiiurc probable that the development was just the op[ioHite — 
that the develoimient of new octivitieH origiiiateil new ihtmglitH which 
recpiircd new symbols to express tlieiii, Mytiilsds whlcli may at flrst 
have been, even to a grrater extent than witli some of ilie lower raceii 
at proseiit, sign language as much as articuIatiuiL Wlieii once tlie 
faculty of artiemb^JOD was developed, which, tliough wc cwtinot trace 
the proceas, was probaUj a very gradual growth, Uiere in no reason 
to supiKwe that words developed in any other way limn they do at 
presents An erroneous notion of the derelo[jmeiit of language has 
bectane whlelj spread through the adopUou of the nieta|ihorical 
term rods for the irreducdble elemenU of human speech. Men 
never talked in roots ; they talked in worda Many words of kindred 
meaning have a part in common, and a root k nothing but that ootaimoti 
part stripped d all additiems. In some cases it is obTious that 
one word is derived from anc^ther hy the addition of a fresh eicniirnt; 
in other cases it is impoegible to say which of two kiiKlrctl worfis is 
the more primitive A root is merely a convenieiit term for an 
almiractiotL The simplest word may be called a ruot^ ^ 

iieverthclctsi a word Mow are new words mltlml to a language 

^ eti. p. 220. * 0JI* p. 22ft, 

* Vnboundt ij, 4, 
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i!i the prcHOiit ilay ? Bome comnmnities, like the OenuauBp prefer to 
count met new worflu for new ideas out of the old luateriul enintlng 
ill the langiiago; others^ like the English, prefer to go to the atieieiit 
languages of Greece and Rome for terms to exprem new irieaa The 
name chemical element is described in the two languages an sour stufT 
(Saiiemtofr) and m oxygen. Both terms mean the same thing etymo- 
logtcally li well as in fact. On behalf of the German inethofl, it may 
he contended that the new idea is more closely attached to already 
existing ideas, by being expressed in elements of the language which 
are intelligible eTen to the meanest capacity. For the English practioe 
it may be argued that, if we coin a new word which means one thing, 
and one thing only, the idea which it expresses is more clearly defln^ 
than if it were exiireesed in popuWly inteUigiUe elements like soitr 
If the elymologicml ?alue of words were always present in the 
inindii of their users, would undoabtedlj have an advantage 

over joifr sfiijT as a techniciJ tcmL But the te^ency in language is 
to put two words of this kind which expn^ but one idea under a 
single aoeeni, and when this has taken place, no one but the sludont 
of language any longer observes what the elements really tiieaa 
Wlion the onlinary man talks of ^bluckbird it is certainly not present 
to his conscioiiHiiosH that he is talking of a black binl, lailess for Homo 
roanoii cmiverHation has been dwelling upon the colour mtlier than 
other cliamcteriHticH of the Bpecies. 

Hutp it limy lie sakl, words like oxygen are introduced by learned 
men, find flo not repreRCiit the aetiozi of the man in the street, who, 
after all, is the author of most additions to the stock of liiiiiiait 
language. We may go back therefore Home four centuries to a 
|>eHod, when scieiitiRc study was only in its infancy, and wee what 
process was followed With the discovery of America new proflucts 
never seen before reached Europe, and these required names. Three 
of the most charBcteristic were fo&oceo, the poiaio^ and the furirg. 
How did these come to be so named? The first people to inipoK 
these products into Europe were naturally the Spanish discoverera 
The first of these words — appears in forms which differ only 
slightly in the languages of all civflLaed countries: Bfianish iabtieo, 
Italian tohomi, French tabae^ Dutch and Oennan tabtik^ Swedish 
iohftk^ etc. The word in the native dialect of Hayti is said to have 
been toboro, lait to have meant not the plant^ but the pijie in which 
it was smoked It thus illustrates a frequent fc^ature of iKiirowiiig — 
that the won! is not borrow€<l in its proper signtficaiioti, but tii some 
siUiHc closely allied thereto, vrhich a foreigner, uiidersiaiHliiig the 

* AoopnUtig lo Willmm Bamlsj, Nepenthe*^ or the Virtue of Tobaocot EdisburKli, 1614, 
**111(1 Qonnttvy ivltlioli Qod haUb honoured and blossed wilh Ihia happle and holy liorba 
doth oall it In their natire laiiguasa 
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language with difficulty^ might readily mistake for the real meaning. 
Thm the Hindu practice of burning a wife upon the funeml pyre 
of her husband is called in English suttee^ this word being in fact but 
the phonetic spelling of the Sanskrit mil, “a virtuous woman/' and 
passing into its English meaning because formerly the practice of self- 
immolation by a wife was regarded as the highest virtua 

The name of the potato exhibits greater variety. The English 
name was borrowed from the Spanish pataia^ which was itself 
borrowed from a native word for the ^am in the dialect of Hayti. 
The potato appeared early in Italy^ for the mariners of Genoa actively 
followed the footsteps of their countryman Columbus in exploring 
America. In Italian generally the form patata has survived. Tlie 
tuliers, however, also suggested a resemblance to truffles, so that the 
Italian word t4iritfofOf a diminutive of the Italian tnodificatioii of 
the Latin terrae tuber was applied to them, lo the language of the 
Rhaetian Alps this word afipears as tartufel. From there it seems 
to have passed into Gennatiy where potatoes were not cultivated 
extensively till the eighteenth century, and iaritfel has in later 
times through some popular etymoli^" been metamorphosed into 
Kartoffel, In France the shape of tlie tubers suggested the name 
of earth-apple (pomme de terreb a name also adopted in Dutch 
{aurd-app€l)f while dialectically in German a form Grumbire appears, 
which is a corruption of Grtmd-birue^ Aground pcar\*' Here half the 
languages have aidopted the original American word for an allied 
plants while others have adopted a name originating in some more 
or less ^cifril resemblance discovered in the tubers; the Gentiaiis 
alone in Western Europe, failing to see any meaning in their borrowed 
name, have modified it almost beyond reopgiiition. To tliis English 
supplies an exact [^rallel in parsttep which, though representing 
the Latin pastitulea through the Old French pastefmque^ was first 
assimilated in the last syllable to the tiep of iun^p (petm^eppe in 
Elizabethan EiigliMh), and later had an r Introduced into the first 
syllable, apparently on the analogy of parsley, 

llie turkey on the other hand seems never to be found with its 
original American name. In England, as the name implies, the 
turkey cock was regarded as having come from the land of the Turks. 
The bird no doubt spread over Europe from the Italian seaports. 
The mistake, therefore, mm not unnatural, seeing that these towns 
conducted a great trade with the Levant, while the fact that America 
when first discovered was identified with India helped to increase 
the conftisioiL Thus in Frencn the eoq delude was abbreviated to 
dlnde much as turkey cock was to turkey; the next stage was to 
identify dinde as a feminine word and create a new dindoti^ on the 
analogy of chapon as the masculine. In Italian the name goMo 

^ Kluge, Miynuilogitthe% Wi^terbueh der deutichen Spmche (StrABAbarg),i.T. KartoffiL 
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d' India still HUrvives, white lii (lonnaii the name Trut/kikn hcciim to 
be (Ivriretl oiiomstojioetically from the bird's cry, though a dialectic 
Cfdfrutuehrr Hahn specifies erroneously an origin for the bird from 
the Indian Calicut In the Spanish pavo, on the other hand, there is a 
enrioos confusioa with the peacock. Tbos in these names for objects 
of common knowledge, the introdnetioo tit which into Enrope can be 
dated with tolerable definiteness, we see eriiiced the methods by 
which in remoter ages objects were named. The words were borrowed 
from the community whence came the new object, or the rwU or 
fancied reseiiiblaiioe to some known object gave the name, or again 
tiopulnr etymology might convert tlio uiiktiowii tenn into something 
that at least approaclio^l in soiiiul a wetl-ktmwii word. 

The Origin qf Speeiee liml not long lieen piiblislied wlion tl»e 
parHllelumi of development in natural species and in languages stnick 
investigatora At the time, one of the foremost German philologists 
was August 8ch)eicber, P ro f essor at Jena. He was htinsclf keenly 
interest^ m the mtoral srienoes, snd amongst his coUeagnes was 
Ernst Haeckel, the protagonist in Germany of the Darwinian theory. 
How the new ideas struck HcUekdter may be seen from the following 
sentences by his colleagae Haeckel “Speech is a physiol<^pcal function 
of the human orgaiiimn, and has been develuiHMl simultaneously with 
its organs, the larynx and U»nguo,aiid with the functions of the Irraiii. 
lloimu it will bo quite imtnml to find in tlio ovoltition and clnssiflcH' 
tioii of languagus tlie same features ns in tlio evolntion and classifica- 
tion of organic species. The various groups of languages that are 
distinguished in philology as primitive, fundamental, parent, and 
daughter languages, dialects, etc, corres|Kind entirely in tbetr de- 
velopment to the different categories which we classify in soology 
and botany as stems, dames, orders, fiunilies, genera, specica and 
varieties. The relation of tbeae groups, partly coordinate and partly 
subordinate, in the general scheme is just the same in both cases ; 
and the evolntion follows the same tines in both*." TTiese views were 
set forth in an ojieii letter addressed to Hneckel in 180:t by Schleicher 
entitled, “Tlio DarwiniRii theory and tho science of languiige." Un- 
fortunately Schloichor’s views went a good deal farther than is 

> BsmU, rs« evotiiKM «/ M»n, p. 460. Undao, 1900. Thii rapnMnU SabUieWi 
ova word*: Wia dia NatarCoraabw ala Oattaaf taiaiahnan adidaii. haM W dae 
OloUikn SytaohaUHB. aaah Bgw ch aiypa; nlhat wwaadla OaHaafv SaaaMkMa ria 
voU aaah ala gpiarhfaiaiHaa aiaar Bifim *dw aiaaa 8ftaamtBM^H....Ite Aitaa 

Bfnehvfiaa dar aiaaalam dta Spaashaa radaadaa Mi aah w i i Dit Darwimm >i' ThmrU 
■ad dt* SpnaclUfuitaarSVt, Waimar, ISU, p. If f. llarwin makaa a nota aaolioot 
atataiaaDi aboal tba elaaaUeaUoa ot Ianpoa«aa la Tk* Ortfin cf SpeeUi, p, STS (Popular 
Editioa, IWO). 
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indicated in the extract given above. He appended to the pamphlet 
a genealogical tree of the Indo-Oermanic languages which, though to 
a large extent confirmed by later r^earch, by tlie dichotomy of each 
branch into two other branches, led the unwary reader to suppose 
their phylogeuy (to use Professor Haeckel’s term) was more regular 
than our evidence warrants. 

Without qualification Schleicher declared languages to be “natural 
ot^nisms which originated unconditioned by the human will, de- 
veloped according to definite laws, grow old and die ; they also are 
characterised by that series of phenomena which we designate by the 
term ‘Life.’ Consequently Glottic, the science of language, is a 
natural science; its method is in general the same as that of the 
other natural sciences In accordance with this view he declared® 
that the root in language might be compared with the simple cell in 
physiology, the linguistic simple cell or root being as yet not diflfe- 
rentiated into special organs for the function of noun, verb, etc. 

In this probably all recent philologists admit that Schleicher went 
too far. One of the most fertile theories in the modern science of 
language originated with him, and was further developed by his pupil, 
August Leskien®, and by Leskien’s colleagues and friends, Brugmann 
and Osthoffi This was the principle that phonetic laws have no ex- 
ceptions. Under the iufiucnce of this generalisation much greater 
precision in etymologj'^ was insisted upon, and a new and remarkably 
active period in the study of language began. Stated broadly in 
the fashion given above the principle is not true. A more accurate 
statement would be that an ori^nal sound is represented in a given 
dialect at a given time and in a given environment only in one way ; 
provided that the development of the original sound into its repre- 
sentation in tlie given dialect has not been influenced by the working 
of analogy. 

It is this proviso that is most important for the characterisation 
of the science of language. As I have said elsewhere, it is at this 
point that this science parts company with the natural science 
“ If the chemist compounds two pure simple elements, there can be 
but one result, and no power of the chemist can prevent it. But the 
minds of men do act upon the sounds which they produce. The 
result is that, when this happens, the phonetic law which would have 

' Die Darwinsche Theoriej p. 6 ® op. 23* 

’ Die Declination im Slavisch-lHanisciien und Germanuchent Leipzig, 1876; Oethoff 
and Brugmann, Marphologische Unit s^ucJmngeHf i. (Introduction), 1878* Tho general 
principles of this seliool were formulated (1880) in a fuller fern in H, Paulas Drinzipien 
der Sprachgesctdchte, Halle (8rd edition, 1898). Paul and Wundt (in his Volkerp&ychologie) 
deal largely with the same matter, but begin their inveatigations from di^erent points of 
\iew, Paul being a philologist with leanings to philosophy and Wundt a philosopher 
interested in language. 
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acted in the case is stopped, and this particular form enters on the 
eanio course of development as other forms to which it does not 
belong V" 

Schleicher was wrung in defining a language to be an organism 
in the sense in which a living being is an oiganism. llegarde<l 
physiologically, language is a function or potentiality of certain 
human organs; regarded from the point of view of the com- 
munity it is of the nature of an institution*. More than most 
influences it conduces to the binding together of the elements that 
form a state. That geographical or other causes may effectively 
counteract the influence of identity of language is obvioua One 
need only read the history of ancient Greece, or observe the existing 
political sejAration of Germany and Austria, of Great Britain and the 
United States of America. But however analogous to an organism, 
language is not an organism. In a less degree Schleicher, by defining 
languages as such, committed the same mistake which Bluntschli 
made regarding the State, and which led him to declare that the 
State is by nature masculine and the Church feminine*. Tlio views 
of Schleicher were to some extent injurious to the proper methods 
of linguistic study. But this misfortime was much more than fully 
coinpousatod by the inspiration which his ideas, corrected and modified 
by his disciples, had upon the science. In spite of the difference 
which the psychological element represented by analogy makes be- 
tween the science of language and the natural sciences, wo are 
entitled to say of it as Schleicher said of Darwin’s theory of the 
origin of species, “ it depends upon observation, and is essetitially an 
attempt at a history of development.” 

Other questions there are in connection with language and evolu- 
tion which require investigation— the survival of one amongst several 
competing words (e.g. why German keeps only as a high poetic word 
rtm, which is identical in origin with the English work-a-day horse, 
and replaces it by pferd, whose congener the English palfrey is 
almost confined to poetry and romance), the persistence of evolution 
till it becomes revolution in languages like English or Persian which 
have practically ceased to he inflectional languages, and many other 
problems. Into these Darwin did not enter, and they require a fuller 
investigation than is possible within the limits of the present i>a|)er. 

^ P. Gileii, Shoft JUofUtal «/ Contparaiwt FhUoUygy, 2nd edit., p. 57, London, 1901, 

• Tlii* fi«w of langoage is worked out at some length bj Prof* W, D* Whitney In an 

article in the €<mUmpomry iteotetu for 1875, p* 713 fl* This article fonni part of a oon- 
troversy with Mai Muller, which ia partly concerned with Darwin’s views on language* 
He critioisea Sohleioher’s views severely in hia Oriental md Studiti, p* 298 ff. , 

Kew York, 1878. In this volume will be found criticisms of vanous other views mentioned 
in this essay* 

• Blnntichli, Theory of the StoUf p* 24, Second English Edition, Oiford, 1802* 
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DARWINISM AND HISTORY 

By J. B. Bury, Litt.D,, LL.D, 

Regius Professor of Modern History in the University of Cambridge. 

1. Evolution, and the principles associated with the Darwinian 
theory, could not ftiil to exert a considerable influence on the studies 
connected with the history of civilised man. The speculations which 
are known as “philosophy of history," as well as the sciences of 
anthropology, ethnography, and sociology (sciences which though 
they stand on tlicir own feet are for the liistorian auxiliary), have 
been deeply affected by these principles. Historiographers, indeed, 
have with few exceptions made little attempt to apply them ; but 
the growth of histoneal study in the nineteenth century has been 
determined and characterised by the same general principle which 
has underlain the simultaneous developments of the study of nature, 
namely the gemtic idea. The “historical” conception of nature' 
wliich has produced the history of the solar system, the story of the 
earth, the genealogies of telluric organisms, and has revolutionised 
natural science, belongs to the same order of thought as the concep- 
tion of human history as a continuous, genetic, causal process— a 
conception which lias revolutionised historical research and made 
it scientific. Before proceeding to consider the application of 
evolutional principles, it will be pertinent to notice the rise of this 
new view. 

2. With the Greeks and Romans history had been either a 
descriptive record or had been written in practical interests. The 
most eminent of the ancient historians were pragmatical ; that is, 
they regarded history as an instructress in statesmanship, or in the 
art of w'ar, or in morals. Their records reached back such a short 
way, their experience was so brief, that they never attained to the 
conception of continuous process, or realised the significance of time ; 
and they never view'ed the history of human societies as a phenomenon 
to be investigated for its own sake. In the middle ages there was 
still less chance of the emergence of the ideas of progress and 

»• 34 
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developmeiit* Such notions were excluded by the fundamental 
doctrines of the dominant religion which bounded and bound men's 
minds^ As the course of history was held to be determined from 
hour to hour by the arbitrary will of an extra-cosmic person, there 
could be no self-contained causal development, onlj a dispensation 
imposed from without. And as it w^as believed that the world w’^as 
within no great distance from the end of this dispensation, there 
was no motive to take much interest in understanding the temporal, 
w^hich was to be only temporary. 

The intellectual movements of the fifteenth and sixteenth cen- 
turies prepared the way for a new^ conception, but it did not emerge 
immediately. The historians of the Renaissance period simply reverted 
to the ancient pragmatical view. For Machiavelli, exactly as for 
Thucydides and Polybius, the use of studying history w^as instruction 
in the ai"t of politics. The Renaissance itself was the appearance ot 
a new culture, difierent from anything that had gone before ; but at 
the time men were not conscious of this ; they saw clearly that the 
traditions of classical antiquity had been lost for a long period, and 
they were seeking to revive them, but otherwise they did not perceive 
that the world had moved, and that their own spirit, culture, and 
conditions were entirely unlike those of the thirteenth century. It 
was hai dly till the seventeenth century that the presence of a new 
age, as difierent from the middle ages as from the ages of Greece and 
Rome, was fully realised. It was then that the triple division of 
ancient, medieval, and modern was first applied to the history of 
western civilisation. ^Vhatever objections may be urged against 
this division, which has now become almost a category of thought, it 
marks a most significant advance in man's view^ of liis own past. 
He has become conscious of the immense changes in civilisation 
which have come about slowly in the com^se of time, and history 
confronts him with a new- aspect. He has to explain how those 
changes have been produced, how the transformations were effected. 
The appearance of this problem was almost simultaneous with the 
rise of rationalism, and the great historians and thinkers of the 
eighteentli century, such as Montesquieu, Voltaire, Gibbon, attempted 
to explain the movement of civilisation by purely natural causes. 
These brilliant ivriters prepared the w ay for the genetic history of 
the following century. But in the spirit of the Anjlclaini^ig, tliat 
eighteenth-century Enlightenment to which they belonged, they w ere 
concerned to judge all phenomena before the tribunal of reason ; 
and the apotheosis of “ reason '' tended to foster a certain superior 
a priori attitude, which was not favourable to objective treatment 
and was incompatible with a “historical sense.” Moreover the tra- 
ditions of pragmatical historiography had by no means disappeared. 
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3* In the first quarter of the nineteenth century the meaning 
of genetic history was fully realised. ''Genetic'' perhaps is as good 
a word as can be found for the conception which in this century 
was applied to so many branches of knowledge in the spheres both 
of nature and of mind. It does not commit us to the doctrine 
proper of evolution, nor yet to any teleological hypothesis such as is 
implied in "progress,” For history it meant that the present con- 
dition of the human race is simply and strictly the result of a causal 
series (or set of causal series)~a continuous succession of changes, 
wdiere each state arises causally out of the preceding ; and that the 
business of historians is to trace this genetic process, to explain each 
change, and ultimately to grasp the complete development of tlie life 
of humanity. Three influential wiitera, who appeared at this stage and 
helped to mitiate a new^ period of research, may specially be mentioned. 
Ranke in 1824 definitely re]>udiated the pragmatical view which 
ascribes to history the duties of an instructress, and with no less 
decision renounced the function, assumed by the historians of the 
An/Idarimg, to judge the p^ist ; it was his business, he said, 
merely to show how things really hapjjened. Niebuhr was already 
^vorking in the same spirit and did more than any other writer to 
establish the principle that historical transactions must be related to 
the ideas and conditions of their age. Savigny about the same time 
founded the “ historical school ” of law. He sought to show that law 
was not the creation of an enlightened will, but grew out of custom 
aud was developed by a series of adaptations and rejections, thus 
applying the conception of evolution. He helped to diffuse the 
notion that all the institutions of a society or a nation are as closely 
interconnected as the parts of a living organism. 

4* The conception of the history of man as a causal development 
meant the elevation of historical inquiry to the dignity of a science. 
Just as the study of bees cannot become scientific so long as the 
student's interest in them is only to procure honey or to derive nioml 
lessons from the laboui’s of "the little busy bee,” so the history of 
human societies cannot become the object of pure scientific investiga- 
tion so long as man estimates its value in pragmatical scales. Nor 
can it become a science until it is conceived as lying entirely within 
a sphere in which the law of cause and effect has unreserved and 
unrestricted dominion. On the other hand, once history is envisaged 
as a causal process, which contains within itself the explanation of 
the development of man from his primitive state to the point which 
he has reached, such a process necessarily becomes the object of 
scientific investigation and the interest in it is scientific curiosity. 

At the same time, the instruments were sharpened and refined. 
Here Wolf, a philologist with historical instinct, was a pioneer. 

34—2 
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JUh Prolegimiena to Homer (1795) annoUDced new ituxloH of iittiiek. 
ll]nU»rical iiivoaiigiition was soon transformer! by tlie elaboraiioii of 
new methocla 

5, ** ProKTOHH"' iiiTolr<38 a judgment of Talue, w hich is not itiTo] votl 

in the cxnicepUoTi of history as a genetic process. It is also an idea 
flistinct from that of crolutiom Nevertheless it is closely related to 
Uie ideas which revolutionised Mstory at the beginning of the last 
oetittiry ; it swam into men's ken smniltaneonsly ; and it iiel|XHl 
effectively to establbh the notion of history as a contiimouji pn»ceiM 
ami to emfiliaiiisc the significance of tiina Pa^k^ing over earlier 
anticipattons, I may point to a i>t>coifrs of Turgot (17M\ where 
history ia presented aa a process in which *"the total itiaiw of the 
human race** marches eontinuallv thongh sometimes slowly to ati 
ever increasitig perfection*** That is a clear statement of the coticei^ 
tioii which Ttirgot*s friend Coiidorcet elaborated in the famous work, 
publishet) til EmfHUBe cTim tableau Ats/orir/ffe ties *ie 

kumain. Ibis work first treated with explicit frihicss the 
idea to which a leading role was to fall in the ideology of the 
nineleeiith century. Condorcet's book reflects the triumphs of 
the Tiem whose growing importance had also itiHjnri^l Turgot ; 
it wiiH the [K>litical changes in the eighteenth century which leil to 
the doctrine, emphatically formulated by Coiidorcet, tlmt the iuhhsck 
are I, he tmmt iiti pur taut element in the historical process, I dwell on 
tliiK be<uiuse, though Coiidorcet had no idea of evulution, the pro- 
(lominatit iniijorimice of the masses was the aHsnmplioii which iiiade 
it |Hissiblo to ap[dy evoliiticmal principles to history. And it enabled 
Cumlorcet himself to inaintaiti that the history of civilisation, a 
l»nigress still far from liettig complete, was a development condiiiotitMl 
by gencml lawa 

6. Ibe sssitiiilatioti of society to an organism, which was a 
govcniing notion in the school of Savigny, and the eonccptioti of 
progress, cnenbinod to produce the idea of an organic developmetii, 
in which the historiaii 1ms to determine the central principle or 
leading chanicter. This is iUostrated by the apotheosis of democracy 
in Tocqueville*s D^moeratie en AmSrique^ where the theory b main- 
tained that “ the gradual and progre^ve development of equality b 
at once the past and the future of the hbtory of meiL" The same 
two principles are combined in the doctrine of Spencer (who held 
that tHKiety b an organism, thou^ be also contemplated its being 
what he cJls a ” super-organic aggregate that social evolution b 
a progressive change from militarism to indiistrialbm. 

^ A loeiffty ijrmiitk ■aggett&Tt with &n organutni, btit it Mrtsinljr b doI mn 

orgi^niini, luid MMsiologiKli who draw mfi^rences front the aestunplion of Ui orginlo nature 
muit fall into error, A vital organism and a society are radioaUy diitinguLehi<d by the 
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7, The idea of development a^Rumod anotlior form in the 
fl|>eciiIatioiiH of Gcnnan idealism. Hegel conceived the HiiccosHive 
|>crif>dH of history m corresponding to the ttHCCtiditig phaaes or ideas 
in tlie self-evolution of his Absolute Being. Hi« l/frtfires on tMe 
Phifoaophy of HiMory were published in 1837 after his deatlu His 
philosophy had a considerable effect, direct and indirect, on the 
treatment of history by historians, and although he was sit|»erfieial 
and unscientific himself in dealing with historical phenomena, he 
contributed much towards mating the idea of historical development 
familiar. Ranke was infiuenced, if not by Hegel himself, at leant by 
the Idealistic philoeophics of which Heger§ was the greatest He 
was itvcUned to conceive the stages in the proceas of historv* as marker! 
by incarnations, as it were, of ideas, and sometimes speaks as if Che 
irleas were independent forces, with hands and feet fliit while Hegel 
determined his ideas by a priori logic, Ranke obtained his by indnc- 
tion — by a strict investigation of the phenomena; so that he was 
scientific in his method and work, and was iiifluetiml by Hegelian 
preposHcssions only in the kind of sigiuficatiee which he was diNiKmed 
to ascribe to liis results. It is to be noted that the theory of Hegel 
implierl a Judgment of value; the movement was a iirogress towards 
IK5rfectioiL 

In France, Comte approached the subject from a ditlerent 
Hirle, Hiid exercised, outside Germany, a far wider ififliieiieo than 
Jlcgul llio 4th volume of his Oours de philosopkie jmmtive, which 
appeared in 1839, created sociolog>^ and treated history as a i>art of 
this new science, namely as “social dynatnit^s." Comte sought the key 
for tnifolding lustorical development, in what ho called the social* 
psychological jioint of view, and he worked out the two ideas which 
iiari liccn eniiuciated by Condoreet: that the historian's attention 
should be directed not, as hitherto, principally to eminent indtvirlitaK 
!mt to the collective behaviour of the masses, as l>eiiig the most 
important clement in the process; and that, as in nature, so in 
history, there are general laws, necessarr and constant, which con- 
dition the develoiioiciit The two points are iiitiiimtely connected, 
for it is only when the masses are moved into the foregroinnl that 
regularity, uniformity, and law can be conceive<l as applicable. To 
determine the sociabpsycholc^cal laws which have controlled the 
development in, according to Comte, the task of sociologists and 
historians. 

fadi th«l Ibt iDdiridtiAJ compoDents of tbe former, numelj Ihe edit, ert tziorphotofoeally 
M well u ainetiuDallj differentiated, whereas the Individoalit whieh eompoM a iioeiet/ art 
merpbolDfttosllj homogeneoiiB and only functionally differenlialwl. The rtiemblanoca 
and the dlfforencoi are worked out in E. de Majewski^i ftiriking book. La Scieact df la 
PariK, 190B. 
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The hypotheHis of general laws operative in history wm carrioiJ 
further in a ImjoIc whidi appeared in England twenty years later ami 
exereisecl ati iiitliieiice ifi Europe far beyond its tniriiimc merits 
Ibickle’B litsiory qf Cirilimtiou in Englmid (1857— 61 > Buckle 
oweil much to Comte, and followed him, or rather outdiil him, in 
regarding intellect as the most important factor conditioning the 
iipwanl developineiit of man, so that prt^resa, according to him, 
conMiste<l in the victory of the inieDectrial over the moral laws. 

10- Tlie tendency of Comte and Bnckle to assimilate hiatorj* to 
the Bcieiicea of nature by reducing it to general lawa,’* derived 
Biiiimtus and plausibility from the vista offered by the study of 
BtatiHtics, in which the Belgian Qnetelet, whose book Snr fhomm^ 
ap|>eared in 1B35, discerned endless possibilities. The astonishing 
uni foniit ties which statistical inquiry discloised led to the Vielief that 
it was only a question of collecting a snffidetit amount of statistical 
material, to enable us to predict how a given social group will act tti 
a jjfirticiilar case. Uotirdeaii, a disciple of this school, looks forward 
to the time when historical science will become entirely (|uaiit]tative. 
Hie actions of prominent individuals, which are generally considertHi 
to liave altered or determined the course of things, are obvioiisly 
not amenable to statistical computation or explicable liy geiiemi 
laws, TliiiikerH like Buckle sought to minimise their importance or 
explain them away, 

1 1, Tliese indications may eiiffiee to show tliat the new efforts to 
interpret history whicli marked the first half of the nineteenth 
century were governed by conceptions closely related to those which 
were current in the field of natural science and which resulted in the 
doctrine of evolution. The genetic principle, progressive development, 
gcnenil laws, the significance of time, the conception of society as an 
organic aggregate, the metaphysical theory of history as the sdfr 
evolution of spirit,— all th^ idea^ show that historical iiiqtiiiy^ had 
been mlvaiiciiig independently oo somewhat parallel lines to the 
sciences of nature. It was necessary to bring this out in order to 
appreciate the influence of Darw inism 

12, In the course of the dozen years which elapsed bet ween the 
apt>earaiiecs of T/ir Origm of Species (observe that the first volume 
of Buckle's work was published just two years before) and of The 
Descent if Man (1B71X the hjpotheds of Lamarck that man is the 
cxMlescendaiit with other species of some lower extinct form was 
ailmittcH] Ui have been miseii to the rank of an establishiMl fnci by 
most thinkers whose brains were not working luider the constraint of 
theological authority. 

One importiuit eftbet of the discovery of this fact (I mu not 
speaking now of the Darwinian explanation) was to aHsigii to Iiistiiry 
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H Uufliiito place in the coordinated wliole of knowloilKu, and rolato it 
iiKire cloHciy to other sciences. It hatl indee<l a dcfliitHl lo((i(!iU phice 
ill HyKtoms such as Hegel’s and Comte's ; but Diirwiiiism certillod its 
stHiidiiig convincingly and without more ado. 'Hie prevailing 
doctrine that man was created ex abmpfo iiad placed hist<try in 
an isulateil |>usitiun, disconnected with the sciences of nature. 
Anthropology*, which deals with the animal anthroiMm, now comes 
into line with soologj, and brings it into relation with history*. 
Man's condition at the present day b the result of a series of 
transfonnations, going ba^ to the most primitive phase of society, 
which is the ideal (onattainable) banning of history. But that 
beginning hail emerged withont any breach of contiiuiity from a 
deveIo|Nncnt which carries ns back to a iiuwlriniaiie anceotor, still 
further back (according to Darwin’s cuiyecturel to a marine animal 
of the ascidian type, and then through remoter periods to the lowest 
form of organism. It is essential in this theoty tlmt though links 
have been lost there was no break in the gnulual development ; and 
this conception of a continuous progress in the evolution of life, 
resulting in the appearance of uncivilised Aiitliro|)os, he][MMl to 
reinforce, and increase a belief in, the conception of the history of 
civilised Anthropfis as itself also a continuous progresHivo develop- 
iiient. 

Kl. Tims the difftision of the Darwinian theory of the origin of 
man, by oini»lm«ising the idea of continuity and breiikiiig <lown the 
Isirriers lietween the human and animal kingdoms, has had an 
imiKirUiiit effect in establishing the iswitioii of history luimiig the 
sciences which deal with telluric dcvelopinenL The iRTs|ioctivc of 
history is merged in a larger perspective of ilevelopment At one of 
the objects of biology is to find the exact stejis in the genealogy of 
man from the lowest organic form, so the sa>pe of hisUiry is to 
determine the stages in the unique causal series frt>m the iiMMit 
rudimentary to the {wesent state of human civilisatioii. 

It is to be observed that the interest in historical research implied 
by this conception need not be that of Comte. In the Positive 
Philosn|ihy history is part of sociology; the interest in it is to 
flisotver the sodoltgical laws. In the view of which I have just 
spoken, histoiy is permitted to be an end in itself; the reconstruction 

t II la Id b« dbmv m A tiut history is (nol oaij differant in Mop* bnli ooi mitonsiw 
wilh dntlut>pQki|i^ in Pti® it demls ooly wiili Ih* idvalopoiiiiil isma ill toeiitlMA, 

wKitWMi lit w ^pnlngy iododtEid ID itH definition tbe prolo-diiliimpio psfiod wbdn AMiftfopot 
WA« itill nott-iiociAl, whether be tired in herds lile the ebimpAtisee, or alone like the took 
oaimnii ootnng. (It hot been weE shown by Mejewtki Ibot eongregotioni— herds, fltMjk*. 
pftckft, tniraotft ure not wtrieffe# ; the ebnnketenstic of o eookty ii ditforenliolion of 

rtmolittn, hm hire#, ont hiUs, may be called qnaei-aoeieUet ; bni In their eoi* the clniwMi 
whkh perform dlitinGt fonctiona are morphologically dilferent,) 
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t>f the f(eiiotlc procoHH 1 h an liidepeiidoiit interest For tlio pur|Hme 
of llie roctiimlructioii, sociology, as well as physical geography, 
biology, psychology, is necoasary ; the sociologist and the historian 
lOay into each other s haodii ; but the object of the former is to 
caublish getiermlisatiotis ; the aim of the latter is to trace in detail 
a singular causal sequence. 

14. Tbe snoceas of the eTolatioiisl theory helped to dtscredil the 
assamptioQ or at least the inrocalioti of transceodent cansea Philo- 
•u]iliically of courao it is compatible with tbeMn. bat historians hare 
for Uie miHit pari desisted froiii iiiTokitig the tiaire conception of a 

ill history*' to exphiin historical niovenieiits. A liiNtorian may 
l>o a thuist ; hnt^ hu fur hh his work is concenioilp this [sirtkuilar l)oIief 
is otiose. (Hlicrwise iiHleeil (as was reitiarked above) history could 
not be a science ; for with a em fuathinn who can be brought on 
the stage to solve difficuittes scientific treatment is a &rceL The 
transcendent element bad appeared in a more subtle form through tbe 
influence of ftertnan philosophy. I noticed bow Kaoke is prone Co 
refer to ideas as if they were tfwnscendent existences ouutifesting 
themselTei in the succeadve movements of history. It Is intelligible 
to speak of certain ideas as controlling, in a given period, — for 
instance, the idea of naticmalily ; but from the scientific [loiiit of 
view, such ideas have no existence outside tlie minds of iii(lividuals 
and arc purely jisychical forces; iind a liisiorlml *‘idea/' if it fiooH not 
exist in this fonn, is merely a way of expressing a syti thesis of the 
historian hiuiself. 

15. From the more general inSucnce of Darwinism on tbe place 
of history in the system of humati knowledge, we may turn to the 
influence of tbe principles and methods by which Darwin explained 
devriopment It had been recognised even liy ancient writen (sudi 
as Anstocle and Polybiusi chat physical drcumstancei i geog r a phy, 
climate) were &cton conditioning the character and history of a race 
or society. In the sixteetith eentury* Bodiii emidiasised these fiM^tors, 
and many subsequent WTiters took them into account The in vestiga* 
UoiiM of Ihirwin, wliicli limught tlieni into the foregnmnd, iiiittimlly 
promoted uttoinpt^ to discover hi thoin ttio chief key to the grovvtli 
oi civilisation, (•oiiite hud exjiressly denmiiiceil the notion that the 
liiol<igical methods of LAmarck could Ije ap|itied to social iiian. 
Buckle had taken account of natural influences, but had relegated 
them to a secotidary planer compared with psycbologiGal fiu^tora 
But the Darwinian theory made it tempting to ex|dain the derdop* 
meni of civilisation in terms of ‘‘adaptation to enviixinmetit,” ‘‘struggle 
for existeooc," “iialural selecikm," “sarvirml of the fittest,** etc.* 

* BbSiaiir O. BmsII tA tk* ilatiiini mM 

iltiliMlkB la Ua VwifTf^ *rr amUMtm r.ll, t BwUa, 1895, 1901. 
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The operation of these principles cannot be denied Man is stOl 
an animal, subject to zoological as well as mechanical laws. The 
dark influence of heredity continues to be effectiye ; and psycliical 
development had begun in lower organic forms,— perhaps with life 
itself Tlie organic and the social struggles for existence are mani- 
festations of the same principle. Environment and climatic influence 
must be called in to explain not only the difierentiation of the great 
racial sections of humanity, but also the varieties within these sub- 
species and, it may be, the assimilation of distinct varieties. Ritter's 
Anthropogeography has opened a useful line of research. But on 
the other hand, it is urged that, in explaining the course of history, 
these principles do not taTtf^iis very hir, and that it is chiefly for the 
primitive iiltra-prehistoiic period that they can account for human 
development. It may be said that, so far as concerns the actions and 
movements of men which are the subject of recorded history, physical 
environment has ceased to act mechanically, and in order to affect 
their actions must affect their wills first; and that this psychical 
character of the causal relations substantially alters the problem. 
The development of human societies, it may be argued, derives a 
completely new charactei^ jfrom the dominance of the conscious 
psychical element, creating as it does new conditions (inventions, 
social institutions, etc.) which limit and counteract the operation of 
natural selection, and control and modify the influence of physical 
environment. Most tliinkers agree now that the chief clews to the 
growth of civilisation must be sought in the psychological sphere. 
Imitation, for instance, is a principle which is probably more signifi- 
cant for the explanation of human development than natural selection. 
Daiwin himself was conscious that his principles had only a very 
restricted application in this sphere, as is evident from his cautious 
and tentative remarks in the 5 th chapter of his Demeriit of Man. He 
applied natural selection to the gi^owth of the intellectual faculties 
and of the fundamental social instincts, and also to the differentiation 
of the great races or “sub-species'' (Caucasian, African, etc.) which 
differ in anthropological character^. 

IG. But if it is admitted that the governing factors which 
concern the student of social development are of the psychical order, 
the preliminary success of natural science in explaining organic 

^ Darwinian formulae may be suggestive by way of analogy. For instance, it is 
characteristic of social advance that a mnltitinie of inventions, schemes and plana are 
framed which are never carried out. similar to, or designed for the same end as. an 
invention or plan which is actually adopted because it has chanced to suit better the 
particular conditions of the hour {just as the works accompli shed by an individual 
statesman, artiat or savant are usually only a residue of the numerous projects conceived 
by his brain). This process in which so much abortive production occurs is analogous to 
elimination by natural selection. 
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evolution by general principles encouraged sociologists to hope that 
social evolution could be explained on general principles also* The 
idea of Condorcet, Buckle, and others^ that history could be assimi- 
lated to the natural sciences was powerfully reinforced, ami the 
notion that the actual historical process, and every social movement 
involved in it^ can be accounted for by sociological generalisations^ 
so-callcd laws,” is still entertained by many, in one form or another* 
Dissentients from this view do not deny that the generalisations at 
which the sociologist arrives by the comparative method, by the 
analysis of social factors, and by psychological deduction may be an 
aid to the historian ; but they deny that such uniformities are laws 
or contain an explanation of the phenomena. They can point to the 
element of chance coineidenee* This element must have playe<l a 
part in the events of organic evolution, but it has probably in a larger 
measure helped to determine events in social evolution* Tlie colUsion 
of two unconnected sequences may be fraught with great resulta 
The sudden death of a leader or a marriage without issue, to take 
simple cases, has again and again led to permanent political con- 
sc<] lienees* More emphasis is laid on the decisive actions of individuals, 
which cannot bo reduced under generalisations and which deflect the 
course of events. If the significance of the individual will had been 
exaggerated to the neglect of the collective activity of tlio social 
aggregate before Condorcet, his doctrine tended to eliminate as 
unimportant the roles of prominent men, and by means of this elimi- 
nation it was possible to found sociology* But it may be urged that 
it is patent on the face of history that its course luis constantly been 
sha[>ed and moflificd by the wills of individuals \ which are by no 
means always the expression of the collective will ; ami that the 
ap|>carance of stieh personalities at the given moments is not a 
necessary outcome of the conditions and cannot be deduced* Nor is 
there any proof that, if such and such an individual had not been 
lioni, some one else would have arisen to do what he did lii some 
cases there is no reaaou to think that what happened need ever have 
conic to pass. In other cases, it seems evident that the actual change 
was inevitable, but in default of the man who initiated and guided it, 
it might have been jiostpoiied, and, postponed or not, might liave 
borne a different cachet I may illustrate by an iiistaiice which has 
just come under my notice* Modem painting was founded by (liotto, 
and the Italian expedition of Cliarles VTII, near the close of the six- 
teenth century, introduced into France the fashion of imitating Italian 

I We can igtiore hai^ metaphysical question of freewill and determinism* For Iho 
oharaoter of the individuars brain depends in any case on anto-natal aeoidentii and coin- 
cidenoea, and so it may be «aid that the role of mdividualH ultimately depends on chance,— 
the accidental oo incidence of independent sequences. 
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painters. But for Giotto and Charles VUI, French painting might 
have been very different. It may be said that Giotto had not 
appeared, some other great initiator would have played a role 
analogous to his, and that witliout Charles VIII there would have 
been the commerce with Italy, which in the long run would have 
sufficed to place France in relation with Italian artists. But the 
equivalent of Giotto might have been deferred for a century and 
probably would have been different ; and commercial relations would 
have required ages to produce the rayomwmmt> imitatif of Italian 
art in France, which the expedition of the royal adventurer provoked 
in a few years Instances furnished by political history are simply 
endless. Can we conjecture how events would have moved if the son 
of Philip of Macedon had been an incompetent? The aggressive 
action of Prussia whicli astonished Europe in 1740 determined the 
subsequent history of Germany ; but that action was anything but 
inevitable ; it depended entirely on the personality of Frederick the 
Great 

Hence it may be argued that the action of individual wills is a 
determining and disturbing factor, too significant and eflectivc to 
allo^’^ history to be grasped by sociological formulae. The types and 
geneml forms of development w^hich the sociologist attempts to 
disengage can only assist the historian in understanding the actual 
course of events. It is in the special domains of economic history 
and OidUirgeschichU which have come to the front in modern times 
that generalisation is most fruitful, but even in these it may be con- 
tended that it furnishes only partial explanations. 

17. The truth is that Darwinism itself ofiers the best illustration 
of the insufficiency of general laws to account for historical develop- 
ment. Tlie part played by coincidence, and the part played by 
individuals— limited by, and related to, general social conditions — ■ 
render it impossible to deduce the course of the past Mstory of man 
or to predict the future. But it is just the same with organic 
development. Darwin (or any other zoologist) could not deduce the 
actual course of evolution from general principles. Given an 
organism and its environment, he could not show that it must evolve 
into a more complex organism of a definite pro-determined type ; 
knowing what it has evolved into, he could attempt to discover atid 
assign the determining causes. General principles do not account 
for a pai^icnlar sequence ; they embody necessary conditions ; but 
there is a chapter of accidents too. It is the same in the case of 
history. 



1 I liaye taken this e;jtaanple fxom O. Tarde's La logiq^ne (p. 403), Paris, 1901, 

where it is used for quite a different piixpose. 
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18* Among the eyolutional attempts to subsume the course of 
history under general syntheses, perhaps the most important is that 
of Lamprecht, whose “ kiiltiirhistorische Methode/' which he has 
deduced from and applied to Gennan history, exhibits the (indirect) 
influence of the Comtist school* It is based upon psychology, which, 
in his view, holds among the sciences of mind {GeiMeswimemeJmfien) 
the same place (that of a Grimdimssemohaft) which mechanics holds 
among the sciences of nature. History, by the same comparison, 
corresponds to biology, and, according to Mm, it can only become 
scientific if it is reduced to general concepts {BegHffe), Historical 
moyements and events are of a psychical character, and Lamprecht 
conceives a given phase of civilisation as “ a collective psychical 
condition {seeliseher Gmamt^mtmidy' controlling the period, “a 
diapason wMcli penetrates all psychical phenomena and thereby all 
historical events of the time I” He has worked out a series of such 
phases, “ages of changing psychical diapason,” in his Deutsche 
GescMchtei with the aim of showing that all the feelings and actions 
of each age can be explained by the diapason ; and has attempted to 
prove that these diapasons are exMbited in other social developments, 
and are consequently not singular but typical. He maintains further 
that these ages succeed each other in a definite order ; the principle 
being that the collective psychical develox>ment begins with the 
homogeneity of all the individual members of a society and, through 
heightened psycMcal activity, advances in the form of a continually in- 
creasing ditferentiation of the individuals (thisjs akin to the Spencerian 
formula). This process, evolving psychical freedom from psychical 
constraint, exhibits a series of psychical phenomena which define 
successive periods of civilisation. Tlie process depends on two simple 
principles, that no idea can disappear without leaving behind it an 
eftect or infiuence, and that all psycMcal life, whether in a person or 
a society, means change, the acquisition of ne^Y mental contents. It 
follows that the new have to come to terms with the old, and this 
leads to a synthesis wMch determines the character of a new age. 
Hence the ages of civilisation are defined as the “highest concepts 
for subsuming without exception all psychical phenomena of the 
development of human societies, that is, of all historical events^*” 
Lamprecht deduces the idea of a special historical science, which 
might l>e called “historical ethnology,” dealing with the ages of 
civilisation, and bearing the same relation to (descriptive or narrative) 
Mstory as ethnologj" to ethnogi’aphy. Such a science obviously 
corresponds to Comte's social dynamics, and the comimrative method, 
on which Comte laid so much emphasis, is the principal instrument 
of Lamprecht. 

^ Die kulttirhulorische Methods , Berlin, 1900, p. 26, ^ Ibid. pp. 23, 29. 
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19. I have dwelt on the fundamental ideas of Lamprecht, because 
they are not yet widely known in England, and because his system is 
the ablest product of the sociological school of historians. It carries 
the more weight as its author himself is a historical specialist, and 
his historical syntheses deserve the most careful consideration. But 
there is much in the process of development which on such 
assumptions is not explained, especially the initiative of individuals- 
Historical development does not proceed in a right line, without the 
choice of diverging. Again and again, several roads are open to it, 
of w^hich it chooses one — why ? On Lamprecht's method, we may be 
able to assign the conditions w^hich limit the psychical activity of men 
at a particular stage of evolution, but within those limits the indi- 
vidual has so many options, such a wide room for moving, that the 
definition of those conditions, the “ psychical diapasons,'' is only part 
of the explanation of the particular development. The heel of 
Achilles in all historical speculations of this class has been the role 
of the individual. 

Tlie increasing prominence of economic history has tended to 
encourage the view that history can be explained in terms of general 
concepts or types- Marx and his school based their theory of human 
development on the conditions of production, by which, according to 
them, all social movements and historical changes arc entirely con- 
trolled The leading part which economic factors play in Lamprecht's 
system is significant, illustrating the fact that economic changes 
admit most readily this kind of treatment, because they have been 
less subject to direction or interference by individual pioneers. 

Perhaps it may be thought that the conception of social environ- 
ment (e^entially psychical), on which Lamprecht s psychical 
diapasons " depend, is the most valuable and ferfile conception that 
the historian owes to the suggestion of the science of biology — the 
conception of all particular historical actions and movements as 

(1) related to and conditioned by the social environment, and 

(2) gradually briogiug about a transformation of that environment. 
But no given transtbrmatioii can be proved to be necessary (pre- 
determined). And types of development do not represent laws ; 
their meaning and value lie in the help they may give to the 
historian, in investigating a certain period of civilisation, to enable 
him to discover the interrelations among the diverse features which 
it presents. Tliey are, as some one has said, an instrument of 
heuretic method. 

20. The men engaged in special historical researches— which 
have been pursued unremittingly for a century past, according to 
scientific methods of investigating evidence (initiated by Wolf, 
Niebuhr, Ranke) — have for the most part worked on the assumptions 
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of genetic history or at least followed in the footsteps of those who 
fully gi'asped the genetic point of view. But their aim has been to 
collect and sift evidence, and determine jjarticular facts ; com- 
paratively few have given serious thought to the lines of research and 
the sjieculations which have been considered in this paper. They 
have been reasonably shy of compromising their work by applying 
theories which are still much debated and immature. But historio- 
graphy cannot permanently evade the questions raised by these 
theories. One may venture to say that no historical change or trans- 
formation will be fully understood until it is explained how social 
environment acted on the individual components of the society (both 
immediately and by heredity), and how the individuals reacted upon 
their environment. The problem is psychical, but it is analogous to 
the main problem of the biologist. 
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THE GENESIS OF DOUIiLE STARS 



By Sir George Darwin, K.C.B., F.RS. 

Plumian Professor of Astronomy and Experimental Philosophy i-» the 
University of Cambridge^ 

In ordinary epcech a system of any soi*t is said to be stable when 
it canimt be upset easilyj but the meaning attached to the word is 
usually somewhat vague* It is hardly suri>rising that this should be 
the case^ when it is only within the last thirty yeai's, and piincipally 
through the investigations of M. Poincarej that the conception of 
stability has^ even for physicists^ assumed a definiteness and clearness 
in which it was previously lacking* The laws which govern stability 
hold good in regions of the greatest diversity ^ they apply to the 
motion of planets round the sun, to the internal ari*angement of those 
minute corpuscles of which each chemical atom is constructed, and to 
the forms of celestial bodies* In the present essay I shah attempt to 
consider the law^s of stability as relating to the last case> and shall 
discuss the succession of shapes which may be assumed by celestial 
bodies in the coui'se of their evolution* 1 believe lurther that homo* 
logons conceptions are applicable in the consideration of the trans- 
mutations of the various fonns of animal and of vegetable life and in 
otlier regions of thought* Even if some of my readers should tliink that 
what I shall say on this head is fanciful, yet at least the exposition will 
serve to illustrate the meaning to be attached to the laws of stability 
in the physical universe* 

I propose, therefore, to begin this essay by a sketch ^ of the 
principles of stability as they are now lormulated by physicists* 

L 

If a sliglit impulse be imparted to a system hi equilibrium one of 
two consequences must ensue \ either small oscillations ot the system 
will be started, or the disturbance will increase without limit and the 
arrangement of the system vvull be completely changed* TIius a stick 
may be in equilibrium either when it hangs from a peg or when it is 
balanced on its point* If in the first case the stick is touched it will 
swing to and fro, but in the second case it will topple over* The fii'st 



© The Complete Work of Charles Darwin Online 



544 



The Gemsis of DouMe Stars 

position is a stable onCj the second is unstable. But this case is too 
simple to illustrate all that is implied by stability, and we must 
consider eases of stable and of unstable motion, tinagine a satellite 
and its ]ilanet, and consider each of them to be of indofiiiitely ..^lall 
size, in fact ixirticles ; then the satellite revolves round its planet iP 
an eliii)se, A small disturbance imparted to the satellite will oid; 
change the ellipse to a small amount, and so the motion is said tc l>e 
stable. If, on the otlier hanri, the disturbance were to make the 
satellite depart from its initial elliptic orbit in ever widening circuits, 
the motion would be unstable. This case affords an example of stable 
motion, but 1 have adduced it principally with the object of iUiistrating 
another point not immediately connected with stability, but important 
to a proper comprehension of the theorj^ of stability. 

The mutioti of a satellite about its planet is one of revolution or 
rotation. When the satellite moves in au ellipse of any given degree 
of eccentricity, there is a certain amount of rotation in the system, 
technically called rotational momentum, and it is always the same at 
every part of the orbits 

Now if we consider all the possible eOiptic orbits of a satellite 
atx)nt its planet which have the same amount of “rotational 
momentum/' we find that the major axis of the ellipse described will 
be different according to the amount of flattening (or the eccentricity) 
of the ellipse described. Fig. 1 illustrates for a given planet and 
satellite all such orbits with constant rotational momentum, afid with 
all the iiiajor axes in the same direction. It will be oljservod that 
there is a continuous transformation from one orbit to the next, and 
that the wliole forms a consecutive group, called by mathematicians 
“a family” of orbits. In this case the rotational momentum is 
constant and the jmsition of any orbit in the family is detemiined by 
the length of the msyor axis of the ellipse ; the classiflcatioii is 
according to the mi\jor axis, but it might have been made according 
to anything else which would cause the orbit to be exactly deter- 
minate. 

1 shall come later to the classification of all possible fonns of 
ideal liquid stars, which have the same amount of rotational momentum, 
and the classification will then be made according to their densities, 
but the idea of orderly arrangement in a “family ” is just the same. 

We thus arrive at the conception of a definite type of motion, 
with a constant amount of rotational momentum, and a classification 
of all members of the family, formed by all jxjssible mottons of that 
type, according to the value of some measurable quantity (this will 

I Moment of momentum or rotational momentum ie measured by (lie momentum of 
the satellite maltiplied by the peTpendienlaT from the planet on to the direction of 
the path of Iho eatelllte at any instant. 
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hereafter be density) which determines the motion exactly. In tlie 
particular case of the elliptic motion used tor illustration the motion 
was stable, but other cases of motion might be adduced in wliich the 
motion would be unstable, and it would be found that classification 
in a femily and specification by some measurable quantity would be 
equally applicable* 

A complex mechanical system may be capable of motion in several 
distinct modes or types, and the motions corresponding to each such 
type may be arranged as before in families* For the sake of simpli- 
city I will suppose that only two types are possible, so that there will 




Fig* 1. 

A family” of elliptic ortits with coDStatrt rotational momentum* 



only be two families ; and the rotational momentum is to be constant 
The two types of motion will have certain features in common which 
wc denote in a sort of shorthand by the letter A. Similarly the two 
types may bo described as A + a and A + 6, so that a and h denote 
the specific differences which discriminate the families from one 
another* Now following in imagination the family of the type A + a, 
let us begin with the case where the specific difference a is well 
marked. As we cast our eyes along the series forming the family, we 
find the difference a becoming less conspicuous* It gradually dwindles 
until it disappears ; beyond this point it either becomes reversed, or 
else the type has ceased to be a possible one. In our shorthand we 
D* 36 
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liavo Btartod with A + and have watched the characteristic a 
dwindling to zero. When it vanishes we have reached a tyj>e whicli 
may be specified a« A ; beyond this point the type would ho A —a or 
would be iiti|)oss]ble. 

Follow ing the A -\-b t)T>e in the same w^ay^ b is at first well marked, 
it dwindles to zero, and finally may become negative, lienee in ahort- 
hand this fiecond finnily may be describesd as /I,,,. A — ft. 

In each family there is one single member which is indistinguiKh- 
able from a member of the other family ; it is called by Poiiican 5 a 
form of bifurcation. It is this conception of a fonn of bifurcation 
which forma the important consideration in problems dealing with the 
forms of liquid or gaseous bodies in rotation. 

But to return to the general question, — thus far the stability of 
these families has not been considered, and it ta the stability which 
renders this way of looking at the matter so valuable. It may be 
provcfl that if before the point of bifurcation the type A + a was 
stable, then A-^b must have been unstable. Further as a and ft each 
diminish /I + a become less pronouncedly stable, and A + ft less 
unstable. On reaching the point of bifurcation A a has just ceased 
to l>e stable, or what amounts to the same thing is just Ix'coniitig 
uiiH table, and the converse is true of the A + b family. After {Kissing 
the {Munt of bifurcation A -fa has become definitely imstablo and 
A + ft lias become stable. Hence the point of bifurcation is also a 
]K)irit of ** exchange of stabilities between the two types 

111 naturo it is of course only the stable types of motion which can 
|)Orsist for more than a short time. Thus the task of the physical 
evolutionist is to determine the forms of bifurcation, at which he 
must, as it were, change carriages in the evolutionary journey m as 
always to follow the stable route. He must besides be able to 
indicate some natural process which shall correspond in effect to the 
ideal arrangcmciit of the several types of motion in families with 
gradually changing specific differences. Although, as we shall see 
hereafter, it may frequently or even generally be impossible to siiecify 
with exactness the forms of bifurcation in the process of evolution, 
yet the conception is one of fundamental importance. 

The ideas involved in this sketch are no doubt somewhat recondite, 
but I hope to render them clearer to the noD*mathematical reader by 

^ 1q f>nkr not to eomplicnte uiiQ^oeBsarilj this eiplanntion of n generml prindplo I hafo 
not ilntod follj nU the mei tbit maj ooctir, Tims * firstly, iftor bifardtion 1 + a imy 
ba Ml impo«ibl« typo and A a will then stop at thia point; or Moondlj, ^ -i- 5 may 
have been nn impoeeible type before bifomatioTi, and wiU only begin to be a real otic 
after it; or thirdly, both i + n and d + * may be imposBible after the point of bifhitiaUon, 
in which eaic they coaletoe and disappear. Thk faat ease thowe that lypee arise and 
disappear in pairs, aud that on appearance or before disappearance one must be stable 
and the other tinstable. 
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homol<»g<>(iR conRidorationa in otlicr fldtls of thought *, and I shall pass 
on thence to illustmtiona which wilt teach us something of the 
evolution of stellar systems. 

Stateo or govemments are organised schemes of action amongst 
groups of men, and they belong to Tarions types to which generic 
names, such as autocracy, aristocracy or democracy, are somewhat 
loosely applied. A definite type of government corresponds to one of 
our types of motion, and while retaining its type it undergoes a slow 
change as the civilisation and character of the people change, and as 
the relationship of the nation to other nations changes. In the 
langimge use<l iK'foro, the government Iwlongs to a family, and as 
time arivances we proceetl through the successive members of the 
family. A government p<«se88es a certain degree of stability — hardly 
measurable in numbers however — to resist disintegrating influences 
such as may arise from wars, fiunines, and internal dissciistonsL This 
stability gnulnally rises to a maximum and gradually declines. The 
degree of stability at any epoch will depend on the fitness of some 
leailing feature of the government to suit the slowly altering circum- 
stances, and that feature corresponds to the characteristic denoted by 
a in the physical problem. A time at length arrives when the 
stability vanishes, and the slightest shock will overtuni the goveni- 
motit At this stage we have readied tlio crisis of a iKiiiit of 
bifurcation, and there will tlion be some circumstance, apparently 
quite insignificant and almost unnoticed, wliicli is such as to prevent 
the occurrence of anarchy. This circumstance or condition is what 
wo typified as fc. Insignificant although it may seem, it has started 
the government on a neiT career of stability by imparting to it a new 
type. It grows in importance, the form of government becomes 
obviously different, and its stability increases. Then in its turn this 
newly acquired stability declines, and wc pass on to a new crisis or 
revolution. There is thus a series of “points of bifurcation" in 
history at which the continuity of political history is maintained by 
means of changes in the type of goveniment TljCHe ideas seem, to 
me at least, to give a true account of the history <»f states, and I 
coiitcml that it is no mere fanciful analogy Imt a true homology, 
when in both realms of thought — the physical and the i»!itical — wo 
perceive the existence of forms of bifurcation and of exchanges of 
stability. 

> 1 eoonidmd this iDbjfCt la mj Pnndmtiml adirM to Um Briliah A to o d s t ioa in 
IMS, Srftwt #/ tit ^Btk Mtttimf •} ISr Same. (S. Aftif, IMS), London, IM*. p. I. 

SooM roTiowri Imtod xa'j apaciilstiaiii M fnnoifnl, bat 1 boUart Uiat tbit wot dna 
Ktoarallj to mlaappnhantioa, and at I bold that bomoloffoos eooaidaralioaa aa to ilabiUty 
and Lnatability art toallj applieablo to etrolntion of all aorta, 1 hava thongbt it wall to 
ralarn to tha aubjeot in tba prawnt paper. 
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Foi'thcr than this^ I would ask whethei* the same train of ideas 
does not also apply to the evolution of animals ? A species is well 
adapted to its environment when the individual can withstand the 
shacks of famine or the attacks and competition of other animals ; 
it then possesses a high degree of stability. Most of the casual 
variations of individuals are iiidifierent, for they do not tell much 
either for or against success in life ; they are small oscillations which 
leave the type unchanged. As circumstances change, the stability of 
the species may gradually dwindle through the insufficiency of some 
definite quality, on which in earlier times no such insistent demands 
were made. The individual animals will then tend to fail in the 
struggle for life, the numbers will dwindle and extinction may ensue. 
But it may be that some new variation, at first of insignificant 
importance, may just servo to turn the scale, A new type may be 
formed in which the variation in question is preserved and augmented ; 
its stability may increase and in time a new species may be 
produced. 

At the risk of condemnation as a wanderer beyond my province 
into the region of biological evolution, I Mould say that this view 
accords with what I understand to be the views of some naturalists, 
M^io recognise the existence of critical periods in biological history at 
which extinction occurs or Mffiich foim the starting-point for the 
formation of new species. Ought we not then to expect that long 
periods will elapse during which a type of animal will remain almost 
constant, fbllo^ved by other periods, enormously long no doubt as 
measured in the life of man, of acute struggle for existence Mffieii the 
type will change more rapidly ? This at least is the view suggested 
by the theory of stability in the j)liysical universe\ 

And now I propose to apply these ideas of stability to the theory 
of stellar evolution, and finally to illustrate them by certain recent 
observations of a very remarkable chaiacter. 

Stars and planets are fomied of materials which yield to the 
enormous forces called into play by gi'avity and rotation. This is 
obviously true if they arc gaseous or fluid, and even solid matter 
becomes plastic under sufficiently great stresses. Nothing approach- 
ing a complete study of the equilibrium of a heterogeneous star has 
yet been found possible, and we are driven to consider only bodies 
of simpler construction, I shall begin therefore by explaining what 
is known about the shapes which may be assumed by a mass of 
incompressible liquid of unifoiTo density under the influences of 
gravity and of rotation. Such a liquid ma^ may be regarded as 

^ I make no claim to extenaive reading on thifi subject, but refer the reader for example 
to a paper by Professor A. A, W. Hubrecht on Vries^a Theory of Mutations,” Popular 
Science Monthly, July 1904, cepeeially to p, 2 IB, 
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an ideal star, which resembles a real star in the fact that it is formed 
of gravitating and rotating matter^ and because its shape results from 
the forces to which it is subject It is unlike a star in that it possesses 
the attributes of incompressibility and of uniform density. The 
difference between the real and the ideal is doubtless great yet the 
similarity is great enough to allow us to extend many of the con- 
clusions as to ideal liquid stai's to the conditions which must hold 
good in reality. Thus with the object of obtaining some insight into 
actuality^ it is justifiable to discuss an avowedly ideal problem at 
some length. 

The attraction of gravity alone tends to make a mass of liquid 
assume the shape of a sphere, and the eftects of rotation, summarised 
under the name of centrifugal force, arc such that the liquid seeks 
to spread itself outwards fi^om the axis of rotation. It is a singular fact 
that it is unnecessary to take any account of the size of the mass 
of liquid under consideration, because the shape assumed is 
exactly the same whether the mass be small or large, and this 
renders the statement of results much easier than would otherwise 
be the case. 

A mass of li<|uid at rest will obviously assume the shape of a 
sphere, under the influence of gravitation, and it is a stable form, 
because any oscillation of the liquid which might be started would 
gradually die away under the influence of friction, however small. 
If now we impart to the whole mass of liquid a small speed of rota- 
tion about some axis, which may be called the polar axis, in such 
a way thab there are no internal currents and so that it spins in the 
same way as if it were solid, the shape will become slightly flattened 
like au orange. Although the earth and the other planets are not 
homogeneous they behave in the same way, and are flattened at the 
poles and protuberant at the equator. This shape may therefore 
conveniently be described as planetary. 

If the planetary body be slightly deformed the forces of restitution 
are slightly less than they were for the sphere ; the shape is stable 
but somewhat less so than the sphere. We have then a planetary 
spheroid, rotating slowly, slightly flattened at the poles, with a liigh 
degree of stability, and possessing a certain amount of rotational 
momentum. Let us suppose this ideal liquid star to be somewhere 
in stellar space far removed from all other bodies ; then it is subject 
to no external forces, and any change M^hich ensues must come from 
inside. Now the amount of rotational momentum existing in a 
system in motion can neither be created nor destroyed by any 
internal causes, and therefore, whatever happens, the amount of 
rotational momentum possessed by the star must remain absolutely 
constant. 
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A real star radiates heatj and as it cools it shrinks* Let ns 
suppose then that our ideal star also radiates and shrinks^ but let 
the process proceed so slowly that any internal currents generated 
in the liquid by the cooling are annulled so quickly by fluid friction 
as to be insignificant ; further let the liquid always remain at 
any instant incompressible and homogeneous. All that we are con- 
cerned with is that, as time passes, the liquid star shrinks, rotates 
in one piece as if it were solid, and remains incompressible and 
homogeneous* Tlie condition is of course artificial, but it represents 
the actual processes of nature as well as may be, consistently with th^ 
postulated incompressibility and homogeneity ^ 

The shrinkage of a constant ma^s of matter involves an increase 
of its density, and we have therefore to trace the changes which 
supervene as the star shrinks, and as the liquid of which it is com- 
posed increases in density. The shrinkage will, in ordinary parlance, 
bring the weights nearer to the axis of rotation* Hence in order 
to keep up the rotational momentum, which as we have seen must 
remain constant, the mass must rotate quicker* TIic greater speed 
of rotation augments the importance of centrifugal force compared 
with that of gi-avity, and as the flattening of the planetary spheroid 
was due to centrifugal force, that flattening is increased ; in other 
words the ellipticity of the planetary spheroid increases. 

As the shrinkage and corresponding increase of density proceed, 
the planetary spheroid becomes more and more elliptic, and the 
succession of forms constitutes a feimily classified according to the 
density of the liquid The specific mark of this family is the flatten- 
ing or ellipticity. 

Now^ consider the stability of the system. We have seen that 
the spheroid with a slow rotation, which forms our starting-point, 
was slightly less stable than the sphere, and as w^e proceed through 
the family of ever flatter ellipsoids the stability contimies to diminish. 
At length when it has assumed the shape shown in Fig, 2, where 
the equatorial and polar axes are proportional to the numbers 1000 
and 583, the stability has just disappeared* According to the general 
principle explained above this is a form of bifurcation, and corre- 
sponds to the form denoted A, The specific difference a of this 
flimily must be regarded as the excess of the ellipticity of this figure 
above that of all the earlier ones, beginning wi th the slightly flattened 
planetary spheroid. Accordingly the specific difference a of the family 
has gradually diminished from the beginning and vanishes at this 
stage. 

^ Math^matiemns are accustomed to regard the density as constant and the rotational 
momentum as increasing. But the way of looking at the matter^ whioh I have adopted, 
is easier of eomprehension, and it comes to the same in the end. 
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According to Poiiicar4"s principle the vaniahing of the stability 
serves us with notice that we have reached a figure of bifurcatioHj 
and it becomes necessary to inquire what is the nature of the specific 
difiereiice of the new family of figures which must be coalescent with 
the old one at this staga This difierence is found to reside in the 
fact that the equator^ which in the planetary family has Mtheilo 
been circular in sectiou, tends to become elliptic. Hitherto the 
rotational momentum has been kept up to its constant value partly 
by greater speed of rotation and partly by a symmetrical bulging of 
the equator. But now wMle the speed of rotation still increases^, 
the equator tends to bulge outwards at two diametrically opposite 
points and to be flattened midway between these protuberances. 
The specific difference in the new family, denoted in the general 




Fig. 2. 

Planetary spheroid juat becoming unstable. 



sketch by is this ellipticity of the equator. If we had traced the 
planetary figures with circular equators beyond this stage A, we 
should have found them to have become unstable, and the stability 
has been shunted off along the A + 6 family of forms with elliptic 
equators. 

This new series of figures, generally named after the great 
mathematician Jacobi, is at first only just stable, but as the density 
increases the stability increases, reaches a maximum and then de- 
clines, As this goes on the equator of these Jacobian figures 
becomes more and more elliptic, so that the shax>e is considerably 
elongated in a direction at right angles to the axis of rotation, 

^ The mathematician familhir with Jacobies ellipsoid will hnd that this ie correct, 
although in the usual mode of exposition, alluded to ahoy a in a footnote, the speed 
diminishes. 
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At length when the longest axis of the three has become about 
three times as long as the shortest^, the stability of this family of 
figures Tanishes, and we have reached a new form of bifurcation 
and must look for a new type of figure along which the stable 
development will presumably extend. Two sections of this critical 
Jacobian figure, which is a figure of bifurcation, are shown by the 
dotted lines in Fig. 3 ; the upper figure is the equatorial section at 
right angles to the axis of rotation, the lower figure is a section 
through the axis. 

Now Poincar4 has proved that the new typo of figure is to be 
derived from the figure of bifurcation by causing one of the ends to 
be prolonged into a snout and by bluntening the other end. The 



B 




A 




Fig. 3. 

The " pear-shaped figdre ” and Ihe Jaeobian figure from whieb it ia deriTed. 



snout forms a sort of stalk, ahd between the stalk and the axis of 
rotation the surfitce is somewhat flattened These are the character- 
istics of a pear, and the figure lias therefore been called the pear- 
shaped figure of equilibrium." Tlie firm lino in Fig. 3 shows this new 
type of figure, whilst, as already explained, the dotted line shows the 
form of bifurcation from which it is derived. Tlio specific mark of 
this new family is the protrusion of the stalk together with the other 
corresponding smaller diflercnces. If we denote this difierence by c, 
while d+6 denotes the Jacobian figure of bifurcation from which 
it is derived, the new family may be called + and c is zero 
initially. According to my calculations this series of figures is stable*, 

' The throe ftxee of the eUif^id are theo proportionAl to 1000, 4B2, 343. 

* M. Liapoanofif oonlende that for ooDetant deositj the new sertea of figtuee, which 
H. Poiitcat4 diaoovered, haa Icia rotational tnomentum than that of the figure of bifurca' 
tion. If he ia oorteot, the figure of bifurcation ie a iitutt of atable figures, and none can 
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but I do not know at what stage of its development it becomes 

unstable. 

Professor Jeans has solved a problem which is of ititen3st 
as throwing light on the future development of the iK;ar*shapetl 
figure, although it is of a still more idml character than the one 
which has been discussed He imagines an iffinitelg long circular 
cylinder of liquid to be in rotation about its central axis. The 
existence is virtually postulated of a denio!i who is always occupied 
in keeping the axis of the cylinder straight, so that Jeans has only 
to concern himself with the stability of the form of the section of 
the cylinder, which as I have said is a circle with the axb of rotation 
at the centre. He then supposes the liquid forming the cylinder to 
shrink in diameter, just as we have done, and finds that the speed of 
rotation must increase so as to k^p up the constancy of the rotational 
momentum. The circularity of section is at first stable, but as the 
shrinkage proceeds the stability diminishes and at length vanishes. 
This stage in the process is a fonn of bifurcation, and the stability 
[lasHcs over to a nevr scries consisting of cylinders which are 
elliptic in section. The circular cylinders are exactly analogous with 
our planetary spheroids, and the elliptic ones with the Jacobian 
ellipsoids. 




Section of a rotating ojlindar of liquid. 



With further shrinkage the elliptic cylinders become unstable, 
a new form of bifurcation is reached, and the stability passes over 
to a series of cylinders whose section is pcar-sliapeA Thus far the 
analogy is complete between our problem and Jeans's, and in con- 
sequence of the greater rimplicity of the conditions, he is able to 
carry his investigation further. He finds that the stalk end of the 
pear-like section continues to protrude more and more, and the 
flattening between it and the axis of rotation becomes a eonstrictioiL 
Finally the neck breaks and a satellite cylinder is bonL Jeaiia'a 
figure for an advanced stage of development b shown in Fig. 4, but 

cxtil wUh Htiibilitj for greater rotational momenittm. My own work ioomi to Indjeate 
that the oppoiite h true, and, Dotwithstanding M. Liapounofftt doaorvedly great authority, 
1 venturo to Htate the couclufiione in accordance with luy own work. 
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liis calcuIatioiiB do not enable him actually to draw the state of affaii’s 
after the rupture of the neck, 

^rhere are certain difficulties in admitting the exact parallelism 
between this problem and ours^ and thus the final development of 
our pear-shaped figure and the end of its stability in a form pf 
bifurcation remain hidden from our view, but the successive changes 
as fer as they have been definitely traced are very sugg^tive in the 
study of stellar evolution. 

Attempts have been made to attack this problem from the other 
end. If we begin with a liquid satellite revolving about a liquid 
planet and proceed backwards in time, we must make tlie two masses 
expand so that thoir density will be diminished. Various figures 
have been drawn exhibiting the shapes of two masses until their 
Biirjfaces approach close to one another and even until they just 
coalesce, but the discussion of their stability is not easy. At present 
It would seem to be impossible to reach coalescence by any series of 
stable transformations, and if this is so Professor Jeans*s investigation 
has ceased to be truly analogous to our problem at some undeter- 
mined stage. However this may be this line of research throws an 
instructive light on what we may expect to find in the evolution of 
real stellar systems. 

In the second part of this paper I shall point out the bearing 
which this investigation of the evolution of an ideal liquid star may 
have on the genesis of double stars. 



There are in the heavens many stars which shine with a variable 
brilliancy. Amongst these there is a class which exhibits special 
peculiarities ; the members of this class are generally known as Algol 
Variables, because the variability of the star ^ Persei or Algol was the 
first of such cases to attract the attention of astronomers, and because 
it is perhaps still the most remarkable of the whole class. But the 
circumstances which led to this discovery were so extraordinary that 
it seems worth while to pause a moment before entering on the 
subject, 

John Goodricke, a deafrmute, was born in 1764 \ he was grandson 
and heir of Sir John Goodricke of Kibstou Hall, Yorkshire. In 
November 1782, he noted that the brilliancy of Algol w'axed and 
waned', and devoted himself to observing it on every fine night from 
the 28th December 1782 to the 12th May 1783, He communicated 

“ II ie e&id that G«org Palitzohi a farmer of Proh}i« near Dresden, had abont 17SS 
already noted the variability of Algol with the naked eye, Joam. BHU Ailrtm, At$oc. 
Vol, XT, (1904— fi), p, 203, 
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his observations to the Royal Society, and suggested that the variation 
in brilliancy was due to periodic eclipses by a dark companion star, 
a theory now universally accepted as correct. The Royal Society 
recognised the importance of the discovery by awarding to Goodricke, 
then only 19 years of age, their highest honour, the Copley medal- 
His later observations of ^ Lyrae and of B Cephei were almost as 
remarkable as those of Algol, but unfortunately a career of such 
extraordinary promise was cut short by death, only a fortnight after 
his election to the Royal Society^. 

It was not until 18B9 that Goodricke's theory was verified, when 
it was proved by Vogel that the star was moving in an orbit, and 
in such a mamier that it was only possible to explain the rise and 
fall in the luminosity by the partial eclipse of a bright star by a 
dark companion* 

The whole mass of the system of Algol is found to be half as 
great again as that of our sun, yet the two bodies complete their 
orbit in the short period of 2^ 20^ 48“ The light remains 
constant during each period, except for 9^ 20“ when it exhibits a 
considerable foil in brightness^ ; the curve which represents the 
variation in the light is shown in Fig. 7 below* 

The spectroscope has enabled astronomers to prove that many 
stars, although apparently single, really consist of two stars circling 
around one another^; they are known as spectroscopic binaries* 
Campbell of the Lick OlBervatory believes that about one star in six 
is a binary^; thus there must be many thousand such stars within 
the reach of our spectroscopes. 

The orientation of the planes of the orbits of binary stars appears to 
be quite arbitrary, and in general the star does not vary in brightness. 
Amongst all such orbits there must be some whose planes pass nearly 
through the sun, and in these cases the eclipse of one of the stars by 
the other becomes inevitable, and in each circuit there will occur two 
eclipses of unequal intensities* 

It is easy to see that in the ma^jority of such cases the two com- 
ponents must move verj^ close to one another. 

^ IHcL of National Biography; article Goodricke (John). The article is by Misa Xgnea 
Clerke. II is strange that she did not then seem to be aware that he was a deaf-mute, 
but she notes the fact in her Prohlemi; of Astrophysics ^ p. 3^17, London, 19 OB. 

^ Clerke, ProhUms of A strophysioSj p. 302 and cb. xvm. 

^ If a souroe of light is approaching with a great yelocity the waves of light are 
crowded together, and conversely they are spaecd out when the source is receding. Thus 
motion in the line of eight virtually produces an infinitesimal change of colour. The 
position of certain dark lines in the spectrum affords an oieeedin^y accurate measurement 
of colour. Thus displacements of these spectral lines enables us to measure the velocity 
of the source of light towards or away from the observer, 

^ Astrophysical Journ^ Vol. xiii. p. 89, 1901. Bee also A. Boberts, Nature ^ Bept* 12, 
1901, p. 468. 
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The coincidence between the spectroscopic and the photometric 
evidence permits us to feel complete confidence in the theory of 
eclipses* When then we find a star with a light^curve of perfect 
regularity and with the characteristics of that of Algols we are justified 
in extending the theory of eclipses to itj although it may be too 
faint to permit of adequate spectroscopic examination* This extension 
of the theory secures a considerable multiplication of the examples 
available for observation^ and some JJO have already been discovered* 
Dr Alexander Roberts, of Lovedale in Cape Colony, truly remarlts 
that the study of Algol variables "brings us to the very threshold of 
the question of stellar evolution^"' It is on this account that I 
propose to explain in some detail the conclusion to which he and some 
other observers have been led* 

Although these variable stars are mere points of light, it has 
been proved by means of the spectroscope that the law of gravitation 
holds good in the remotest regions of stellar space, and further it 
seems now to have become possible even to examine the shapes of 
stars by indirect methods, and thus to begin the study of their 
evolution. The chain of reasoning which I shall explain must of 
necessity be open to criticism, yet the explanation of the facts by 
tlm theory is so perfect that it is not easy to resist the conviction tliat 
we are travelling along the path of truth* 

The brightness of a star is specified by what is called its ^^magni- 
tude."' The average brightness of all the stars which can j ust be seen 
with the naked eye defines the sixth magnitude* A star which only gives 
two-fifths as much light is said to be of the seventh magnitude ; while 
one which gives 2^ times as much light is of the fifth magnitude, and 
successive multiplications or divisions by 2| define the lower or higher 
magnitudes. Negative magnitudes have clearly to be contemplated ; 
thus Sirius is of magnitude - 1*4, and the sun is of magnitude - 26* 
The definition of magnitude is also extended to fractions ; for 
example, the lights given by two candles which are placed at 100 ft* 
and 100 ft* 6 in* from the observer diifer in brightness by one- 
hundredth of a magnitude. 

A great deal of thought has been devoted to the measurement of 
the brightness of stars, but I will only describe one of the methods used, 
that of the great astronomer Argelander. In the neighbourhood of the 
star under observation some half do55eu standard stars are selected of 
known invariable magnitudes, some being brighter and some fainter 
than the star to be measured ; so that these stars afford a visible scale 
of brightness. Suppose we number them in order of increasing bright- 
ness from 1 to 6 ; then the observer estimates that on a given night 
his star falls between stars 2 and 3, on the next night, say between 

^ Ftoc. Roy. Sac* Edinhurghf xxiv. Pt* ii. (1903), p. 7B. 
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3 and 4^ and then again perhaps it may return to between 2 and 3^ 
and so forth. With practice he learns to evaluate the brightness down 
to small fi-actions of a magnitude, even a hundredth part of a 
magnitude is not quite negligible* 

For example, in observing the star RR Centauri five stars were in 
general used for comparison by Dr Roberts, and in course of three 
inonthB he secured thereby 300 complete observations. When the 
period of the cycle had been ascertained exactly, these 300 values 
were reduced to mean values which appertained to certain mean 
places in the cycle, and a mean light-curve w as obtained in this way. 
Examples of light curves will be found in Figs, 5 and 7 below. 
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Fig. 5. 

Light curve of RB Centauri. 

I shall now follow out the results of the observation of RR 
Centauri not only because it affords the easiest way of explaining 
these investigations, but also because it is one of the stars which 
furnishes the most striking results in connection with the object 
of this essay\ This star has a mean magnitude of about 7|, and it is 
therefore invisible to the naked eye. Its period of variability is 
14 to 32“ 10*76, the last refinement of precision being of course only 
attained in the final stages of reduction. Twenty-nine mean values of 
the magnitude were determined, and they were nearly equally spaced 
over the whole cycle of changes. The black dots in Fig* 5 exhibit the 
mean values determined by Dr Roberts* Tlie last three dots on the 
extreme right are merely the same as the first three on the extreme 
left, and are repeated to show how the next cycle would begin* The 

^ See Monthly Notic£i YoL G3, 1903, p, 527. 
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Hmooth (lotted curve will be explained hereafter, but, by roforoiico 
to the Hcalo of iiiagiutudcs on the marina of the flgiiro, it may 
lie uHcd to note that the dots might be brought into a perfectly 
smooth curve by shifting some few of the dots by about a hundredth 
of a magnitude. 

Till* light'Curve presents those characteristics which are duo 
to successive eclipses, but the exact form of the curve must de|>eiid 
on the nature of the two mutually eclipsing stars. If we are to inter- 
|»ret the curve with all possible (^mpleteuess, it is necessary to make 
certain assumptions as to the stars. It is assumed then that the 
stars are .equally bright all over their disks, and secondly that they 
are not anrruundod by an extensive absorptive atmosphere. This last 
appears to me to be the most dangerous assumption involved in the 
whole theory. 

Making these aMsiimptions, however, it is found that if each of the 
oclipeiiig stars were spheri(!al it wonld not be possible to generate 




such a curve with the closest accuracy. The two stars arc certainly 
close together, and it is obvious that in such a case the tidal forcts 
exercised by each on the other must be such as to elongate the figure 
of each towards the other. Accordingly it is reasonable to adopt the 
hypothesis that the system consists of a pair of elongated ellipsoids, 
with their longest axes pointed towards one another. No supposition 
is adufited A priori m to the ratio of the two massca or as to their 
relative sice or luightness, and the orbit may have any degree of 
eccentricity. These last are all to be determined from tlie nature 
of the light-curve. 

4n the case of RIl Centauri, however, Dr Roberts finds the 
<M>nditions are best satisfied by supposing the orbit to be circular, 
and the sires and masses of the components to be equal, while their 
luminosities are to one another in the ratio of 4 to ,3. As to their 
shapes ho finds them to be so much elongated that they ovorlaj*, 
as exhibited in his figure now reproduced as Fig. 6. The dotted ciirvo 
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bIiows a form of equilibrium of rotating liquid as computed by me 
some years before^ and it was added for the sake of comparison. 
On turning back to Fig. 5 the reader will see in the smooth dotted 
curve the light variation which would be exhibited by such a binary" 
system as this. The curve is the result of computation and it is 
impossible not to be struck by the closeness of the coincidence with 
the seiies of black dots which denote the observations. 

It is virtually certain that RR Centauri is a case of an eclipsing 
binary system, and that the two stars are close together. It is not of 
course proved that the figures of the stains arc ellipsoids, but gravita- 
tion must deforai them into a pair of elongated bodies, and, on the 
assumptions that they are not enveloped in an absorptive atmosphere 
and that they are ellipsoidal, their shapes must be as sho^vn in the 
figure. 

Tills light-curve gives an excellent illustration of what we have 
reason to believe to be a stage in the evolution of stars, when a single 
star is proceeding to separate into a binary one* 

As the star is faint, there is as yet no direct spectroscopic evidence 
of orbital motion. Let us turn therefore to the case of another star, 
namely V Puppis, in which such evidence does already exist. I give 
an account of it, because it presents a peculiarly interesting confirma- 
tion of the correctness of the theory. 

In 1895 Pickering announced in the Ha/rvard Cirmdar No. 14 
that the spectroscopic observations at Arequipa proved V Puppis 
to be a double star with a period of 3^ 2^ 46"^. Now when Roberts 
discussed its light-curve he found that the period was 10^ 54“" 27\ 
and on account of this serious discrepancy he effected the reduction 
only on the simple assumption that the two stars were spherical, and 
thus obtained a fairly good representation of the light-curve. It 
appeared that the orbit was circular and that the two spheres 
were not quite in contact. Obviously if the stars had been assumed 
to be ellipsoids they would have been found to overlap, as was the 
case for RR Centauri\ The matter rested thus for some months 
until the spectroscopic evidence was re-examined by Miss Cannon 
on behalf of Professor Pickering, and wc find in the notes on 
p. 177 of Vol. XXVIII. of the Atmeds of the Harvard Observatory 
the following : A.G.C. 10534. This star, which is the Algol variable, 

V Puppis, has been found to be a spectroscopic binary* ITie 
period l‘^^454 (i.e. 1^ 10^ 54“") satisfies the observations of the 
changes in light, and of the varying separation of the lines of the 
spectrum. The spectrum has been examined on 61 plates, on 23 
of which the lines are double."' Thus w^e have valuable evidence 
in confirmation of the correctness of the conclusions drawn from the 

^ Astrophysical Joum^ Vol. xiii, (1901), p. 177. 
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light-curve. In the circumstances, however, I have not thought it 
M'orth while to reproduce Dr Eoberts’s provisional figure. 

I now turn to the conclusions drawn a few years previously by 
another observer, where we shall find the component stars not quite 
in contact. This is the star ^ Lyrac which was observed by Goodricke, 




Argelander, Belopolsky, Schur, Markwick and by many others. The 
spectroscopic method has been successfully applied in this case, and 
the component stars are proved to move in an orbit about one another. 
In 1897, Mr G. W. Myers applied the theory of eclipses to the light- 
curve, on the hypothesis that the stars are elongated ellipsoids, and 
he obtained the interesting results exhibited in Fig. 7^ 

^ Astrophysical Journ. ToL vii, (1898)^ p. h 
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The period of Lyi^ae is relatively long, being 12"^ 21*" 47“", the 
orbit ie sensibly eceentriCj and the two spheroids are not so much 
elongated as was the case with RR Ceiitauri, The mass of the system 
is enormouSj one of the two stans being 10 times and the other 
21 times as heavy as our sun* 

Further illustrations of this subject might be giveiij but enougli 
has been said to explain the nature of the conclusions which have 
been drawn from this class of observation* 

In my account of these remarkable systems the considei-ation of 
one very important conclusion has been purposely deferred* Since 
the light-curve is explicable by eclipseSj it follows that the sizes of 
the two stars are detenninable relatively to the distance between 
thoTiL The period of their orbital motion is known, being identical 
with the complete period of the variability of their light, and an easy 
application of Kepler's law of periodic times enables us to compute 
the sum of the masses of the two stars divided by the cube of the 
distance between their centres* Now the sizes of the bodies being 
knowm, the mean density of the whole system may be calculated* In 
every case that density has been found to be much less than the sun's, 
and indeed the average of a number of mean densities which have 
been detemiined only amounts to one-eighth of that of the sun* 
In some cases the density is extremely small, and in no case is it 
quite so great as half the solar density- 

It would be absurd to suppose that these stars can be uniform in 
density throughout, and from aU that is known of celestial bodies it 
is probable that they are gaseous in their external parts with great 
condensation towards their centres* This conclusion is confirmed by 
arguments drawn from the theory of rotating masses of liquid ^ 

Although, as already explained, a good deal is known about the 
shapes and the stability of figures eonsistiug of homogeneous incom- 
pressible liquid in rotation, yet comparatively little has hitherto been 
discovered about the equilibrium of rotating gaseous stars. The figures 
calculated for homogeneous liquid can obviously only be taken to 
afford a general indication of the kind of figure which we might 
expect to find in the stellar universe. Thus the dotted curve in 
Fig. 5, which exhibits one of the figures which I calculated, has 
some interest when placed alongside the figures of the stars in 
RR Centauri, as computed from the observations, but it must not be 
accepted as the calculated form of such a system* I have more- 
over proved more recently that such a figure of homogeneous liquid 
is unstable* Notwithstanding this instability it does not necessarily 



^ Bec J* H. ‘^On the density of Algol Astrophy^ico.1 Journ^ VoL xxii. 

(1905), p. 97* 
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follow that the analogous figure for compressible fluid is also un- 
stablcj as will be pointed out more fully hereafter. 

Professor Jeans has discussed in a paper of great ability the 
difficult problems offered by the conditions of equilibrium and of 
stability of a spherical nebula^. In a later i>aper®j in contrasting 
the conditions which must govern the fission of a star into two parts 
when the star is gaseous and compressible with the corresponding 
conditions in the case of incompressible litiuid, he points out that for 
a gaseous star ^"the agency wliich eftccts the separation will no 
longer be rotation alone ; gravitation also will tend towards separa- 
tion. , . .From numerical results obtained in the various papers of my 
own, ..J have been led to the conclusion that a gravitational 
instability of the kind described must be regarded as the primary 
agent at work in the actual evolution of the uniTerse, Laplace's 
rotation playing only the secondary part of separating the primary 
and satellite after the birth of the satellite.” 

It is desirable to add a word in explanation of the expression 
“gravitational instability” in this passage. It means that when 
the concentration of a gaseous nebula (without rotation) has pro- 
ceeded to a certain stage, the arrangement in spherical layers of 
equal density becomes unstable, and a form of bifurcation has been 
reached. For further concentration concentric spherical layers 
become unstable, and the new stable form involves a concentration 
about two centres. The first sign of this change is that the spherical 
layei's cease to be quite concentric and then the layers of equal 
density begin to assume a somewhat pear-shaped form analogous 
to that which we found to occur under rotation for an incompressible 
liquid. Accordingly it appears that while a sphere of liquid is stable 
a sphere of gas may become unstable. Thus the conditions of stability 
are different in these two simple cases, and it is likely that while 
certain forms of rotating liquid are unstable tlie analogous forms for 
gas may be stable. This furnishes a reason why it is worth while to 
consider the unstable forms of rotating liquid 

There can I think be little doubt but that Jeans is right in 
looking to gravitational instability as the primary cause of fission, 
but when we consider that a binary system, with a mass larger than 
the sun's, is found to rotate in a few hours, there seems reason to look 
to rotation as a contributory cause scarcely less impoi*tant than the 
primary one. 

With the present extent of our knowledge it is only possible to 
reconstruct the processes of the evolution of stars by means of 

^ Phil. Tram. RS. Vol. cscii. A (1902), p. 1, See also A. Roberta, S, As^ac. 

Adv. ScL Vol. T. (1903), p. 6. 

® Aatropkyiical Joum. Vol. (1905), p. 97, 
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inferences draira from several sources. We have first to rely on the 
general principles of stabilitjj according to which we are to look for 
a series of families of forms, each terminating in an unstable form^ 
which itself becomes the starting-point of the next family of stable 
forms. Secondly we have as a guide the analogy of the successive 
changes in the evolution of ideal liqmd stars ; and thirdly we 
already possess some slender knowledge as to the equilibrium of 
gaseous stars. 

From these data it is possible to build up in outline the probable 
history of binary stars. Originally the star must have been single, 
it must have been widely diffused, and must have been endow ed with 
a slow rotation* In this condition the strata of equal density must 
have been of the planetary form. As it cooled and contracted the 
symmetry round the axis of rotation must have become unstable, 
through the effects of gravitation, assisted perhaps by the increasing 
speed of rotation t The strata of equal density must then become 
somewhat pear-shaped, and afterwards like an hour-glass, with the 
constriction more pronounced in the internal than in the external 
strata. The constrictions of the successive strata then begin to rupture 
from the inside progressively outwards, and when at length all are 
ruptured we have the twin stars portrayed by Roberts and by 
othei'S. 

As we have seen, the study of the forms of equilibrium of rotating 
liquid is almost complete, and Jeans has made a good beginning in the 
investigation of the equilibrium of gaseous stars, but much more 
remains to be discovered The field for the mathematician is a wide 
one, and in proportion as the very arduous exploration of that field 
is attained so will our knowledge of the processes of cosmical 
evolution increase. 

From the point of view of observation, improved methods in the 
use of the spectroscope and increase of acciii'acy in photometry will 
certainly lead to a great increase in our knowledge within the next 
few years. Probably the observational advance will be more rapid 
than that of theory, for we know how extraordinary lias been the 
success attained within the last few years, and the theory is one 
of extreme difficulty ; but the two ought to proceed together hand 
in hand. Human life is too short to permit us to watch the leisurely 
procedure of cosmical evolution, but the celestial museum contains 
so many exhibits that it may become possible, by the aid of theoiy, 
to piece together bit by bit the processes through which stars |>a^ in 
the course of their evolution* 

1 I leam from Professor Jeans that he now (December 1908) believes that he can 
prove that some small amount of rotation is necessary to induce iuatahilitj in the sym- 
metrical arrangement* 

36—2 
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In the sketch which I have endeavoured to give of this fascinating 
subject, I have led my reader to the very confines of our present 
knowledga It is not much more than a quarter of a century since 
this class of observation has claimed the close attention of astrono- 
mers ; something considerable has been discovered already and there 
seems scarcely a discernible limit to what will be known in this field 
a century firom now. Some of the results which I have set forth may 
then be shown to be false, but it seems profoundly improbable that 
w'e are being led astray by a Will-of-the-Wisp. 
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THE EVOLUTION OF MATTEK 

By W, C, D, Whetham, M.A, FJi.S, 

Trmity CoUegej Cambridge. 

The idea of evolution in the organic world, made intelligible by 
the work of Charles Darwin, has little in common with the recent 
conception of change in certain types of matter* The discovery that 
a process of disintegration may take place in some at least of the 
chemical atoms, previously believed to be indestructible and unalter- 
able, has modified our view of the physical universe, even as Darwin's 
scheme of the mode of evolution changed the trend of thought con- 
cerning the organic world* Both conceptions have in common the 
idea of change throughout extended realms of space and time, and, 
therefore, it is perhaps not unfitting that some account of the most 
recent physical discoveries should be included in the present 
volume. 

The earliest conception of the evolution of matter is found in the 
speculation of the Greeks. Leucippus and Democritus imagined 
unchanging eternal atoms, Heracleitus held that all things were in a 
continual state of flux — Tldpra p€t 

But no one in the Ancient World— no one till quite modem times 
—could appreciate the strength of the position which the theory of 
the evolution of matter must carry before it wins the day. Vague 
speculation, even by the acute minds of philosophers, is of little use 
in physical science before experimental fects are available. Tlie true 
problems at issue cannot even be formulated, much less solved, till 
the humble task of the observer and experimenter has given us a 
knowledge of the phenomena to be explained. 

It was only through the atomic theory, at first appai^ently dia- 
metrically opposed to it, that the conception of evolution in the physical 
world was to gain an established place. For a century the atomic 
theory, when put into a modem forai by Dalton, led farther and farther 
away from the idea of change in matter. The chemical elements 



© The Complete Work of Charles Darwin Online 



566 



The Evolution of Matter 

Beemed quite unaltemblc, and the atoms, of which each element in 
modern view is composedj bore to Clerk Maxwell, writing about 
1870, the stamp of mannfactured articles ” exactly similar in kind, 
unchanging, eternal 

Nevertheless thronghout these years, on the whole so unfavourable 
to its existence, there persisted the idea of a common origin of the 
distinct kinds of matter kno wn to chemists* Indeed, this idea of unity 
in substance in nature seems to accord with some innate desire or 
intimate structure of the human mind. As Mr Arthur Balfour well 
puts it, “ There is no a priori reason that I know of for expecting 
that the material world should be a modification of a single medium, 
rather thati a composite structure built out of sixty or seventy 
elementary substances, eternal and eternally different Why then 
should we feel content with the first hypothesis and not with the 
second ? Yet so it is* Men of science have always been restive under 
the multiplication of entities. They have eagerly watched for any sign 
that the different chemical elements own a common origin, and are all 
compounded out of some primordial substance* Nor, for my part, do I 
think that such instincts should be ignored. * *that they exist is certain ; 
that they modiiy the indifferent impartiality of pure empiricism can 
hardly be denied 

^Vhen Dalton's atomic theory had been in existence some half 
century, it was noted that certain numerical relations held good 
between the atomic weights of elements chemically similar to one 
another* Thus the weight (88) of an atom of strontium compared 
with that of hydrogen as unity, is about the mean of tliose of 
calcium (40) and barium (137X Such relations, in this and other 
chemical gi'oups, were illustrated by Beguyer de Oiancourtois in 
1862 by the construction of a spiral diagram in which the atomic 
weights are placed in order round a cylinder and elements chemically 
similar are found to fall on vertical lines. 

Newlands seems to have been the first to see the significance of 
such a diagram. In his “law of octaves,” formulated in 1864, he 
advanced the hypothesis that, if arranged in order of rising atomic 
weight, the elements fell into groups, so that each eighth element was 
chemically similar. Stated thus, the law was too definite ; no room 
was left for newly-discovered elements, and some dissimilar elements 
were perforce grouped together. 

But in 1869 Mendel^eff developed Newland's hypothesis in a form 
that attracted at once general attention. Placing the elements in 

^ of the I4dh Meeting of the BHiuh As&oeiation (P^residential Address , Cambridge 

1904), p, 9, London, 1905. 
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order of rising atomic weight, but leading a gap where necessary to 
bring similar elements into vertical columns, he obtained a periodic 
table with natural vacancies to be filled as new elements were dis- 
covered, and with a certain amount of flexibility at the ends of the 
horizontal lines* From the position of the vacancies, the general 
chemical and physical properties of undiscovered elements could be 
predicted, and the success of such predictions gave a striking proof 
of the usefulness of Mcndel^eff's genemlisatiom 

When the chemical and physical properties of the elements were 
known to be periodic functions of their atomic weights, the idea of a 
common origin and common substance became much more credible* 
Diflerences in atomic weight and differences in properties alike might 
reasonably be explained by the differences in the amount of the 
primordial substance present in the various atoms; an atom of 
oxygen being supposed to be composed of sixteen times as much stuff 
as the atom of hydrogen, but to be made of the same ultimate material* 
Speculations about the mode of origin of the elements now began to 
appear, and put on a certain air of reality. Of these speculations 
perhaps the most detailed w^as that of Crookes, who imagined an 
initial chaos of a primordial medium he named protyle, and a process 
of periodic change in which the chemical elements successively were 
precipitated 

From another side too, suggestions were put forward by Sir 
Normau Lockyer and others that the differences in spectra observed 
in different classes of stars, and produced by different conditions in 
the laboratory, were to be explained by changes in the stnicturc of 
the vibrating atoms. 

The next step in advance gave a theoretical basis for the idea of 
a common structui'c of matter, and was taken in an unexpected 
direction. Clerk Maxwell's electromagnetic theory of light, accepted 
in England, was driven home to continental minds by the confirmatory 
experiments of Hertz, who in 1888 detected and measured the electro- 
magnetic waves that Maxwell had described twenty years earlier. 
But, if light be an electromagnetic phenomenon, the light waves 
radiated by hot bodies must take their origin in the vibrations of 
electric systems. Hence within the atoms must exist electric charges 
capable of vibration. On these lines Lorentz and Larmor have 
developed an electronic theory of matter, which is imagined in its 
essence to be a conglomerate of electric charges, with electro- 
magnetic inertia to explain mechanical inertia^* The movement of 
electric charges would be affected by a magnetic field, and hence the 

^ Laxmor, Aether and Matter^ Canibri<ige, 1900. 



(c) The Complete Work of Charles Darwin Online 



568 



The Emltiiion of Matter 

discovery by Zeeman that the spectral lines of sodium were doubled 
by a strong magnetic force gave confirmatory evidence to the theory 
of electrons* 

Then came J* J* Thomson's great discovery of minute particles^ 
much smaller than any chemical atom, forming a common constituent 
of many difterent kinds of matter^ If an electric discharge be jjassed 
between metallic terminals through a glass vessel containing air at 
very low pressure, it is found that rectilinear rays, known as cathode 
rays, proceed from the surface of the cathode or negative terminaL 
Where these rays strike solid objects,' they give rise to the Rdntgen 
rays now so well known ; but it is with the cathode rays themselves 
that we are concerned* When they strike an insulated conductor, 
they impart to it a negative charge, and Thomson found that they 
were deflected from their path both by magnetic and electric forces 
in the direction in which negatively electrified particles would be 
deflected* Cathode rays then were accepted as flights of negatively 
charged particles, moving with high velocities* The electric and 
magnetic deflections give two independent measurements which 
may be made on a cathode ray, and both the deflections involve 
theoretically three unknown quantities, the nmss of the particles, 
their electric charge and their velocity* There is strong cumulative 
evidence tliat all such particles possess the same charge, w^hich is 
identical with that associated with a univalent atom in electrolytic 
liquids* The number of unknown quantities was thus reduced to 
two — the mass and the velocity. The measurement of the magnetic 
and electric deflections gave two independent relations between the 
uuknovms, which could therefore be determined. The velocities of 
the cathode ray particles were found to vary round a value about 
one-tenth that of light, but the mass was found always to be the same 
within the limits of error, whatever the nature of the terminals, of the 
residual gas in the vessel, and of the conditions of the experiment. 
The mass of a cathode i^ay particle, or corpuscle, as Thomson, adopting 
Newton's name, called it, is about the eight-hundredth part of the 
mass of a hydrogen atom* 

Tliesc corpuscles, found in so many different kinds of substance, 
are inevitably regarded as a common constituent of matter. They 
are associated each with a unit of negative electricity. Now^ elec- 
tricity in motion possesses electromagnetic energy, and produces 
effects like those of mechanical inertia. In other wortls, an electric 
charge possesses mass, and there is evidence to show that the effective 
mass of a corpuscle increases as its velocity ai>proachos that of light 
in the way it would do if all its mass were electromagnetic* We 

^ Thomson, Conduction of Electridty through Gases (2nd edit*), Cambiidge, 
1906 * 
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are led therefore to regard the corpuscle from one aspect^s a dis- 
embodied charge of electricity, and to identify it with the electron 
of Lorentz and Larmor. 

Thus, on this theory, matter and electricity are identified; and 
a great simplification of our conception of t)ie physical structure 
of Nature is reached, Moreoyer, from onr present point of 
view, a common basis for matter suggests or implies a common 
origin, and a process of development possibly intelligible to onr 
minds* The idea of the evolution of matter becomes much more 
probable. 

The question of the nature and pliysical meaning of a corpuscle or 
electron remains for consideration* On the hypothesis of a universal 
luminiferous aether, Laraior has suggested a centre of aethereal 
strain “a place where the continuity of the medium has been broken 
and cemented together again (to use a crude but effective image) 
without accurately fitting the parts, so that there is a residual strain 
all round the placed'' Thns he explains in quasi-meclianical terms 
the properties of an electron. But whether we remain content for 
the time with our identification of matter and electricity, or attempt 
to express both of them in terms of hypothetical aether, we have made 
a great step in advance on the view that matter is made up of 
chemical atoms frmdameiitally distinct and eternally isolated* 

Such was the position when the phenomena of radio-activity 
threw a new light on the problem, and, for the first time in the history 
of science, gave definite experimental evidence of the transmutation 
of matter from one chemical element to another. 

In 1896 H. Becquerel discovered that compounds of the metal 
uranium continnaUy emitted rays capable of penetrating opaque 
screens and affecting photogi'aphic plates. Like cathode and Rontgen 
rays, the rays from uranium make the air through which they pass 
a conductor of electricity, and this property gives the most convenient 
method of detecting the rays and of measuring their intensity. An 
electroscope may be made of a strip of gold-leaf attached to an 
insulated brass plate and confined in a brass vessel with glass 
wiiidowa When the gold-leaf is electrified, it is repelled from the 
similarly electrified brass plate, and the angle at which it stands 
out measures the electrification. Such a system, if well insulated, 
holds its charge for houi's, the leakage of electricity through the air 
being very slow* But, if radio-active radiation reach the air within, 
the gold-leaf falls, and the rate of its fall, as watched through a 

1 Larmor, ioc* cit. 
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niicroBcope with a scale in the eye-piecej measures the intensity of 
the radiation. With some form of this simple instrument, or with 
the more complicated quadrant electrometer, most radio-actiye 
measurements have been made. 

It was soon discovered that the activity of uranium compoimds 
was proportional to the amount of uranium present in thenL Thus 
ra<iio-activity is an atomic property dependent on the amount of an 
element and independent of its state of chemical combination. 

In a search for radio-activity in diflerent minerals, M. and Mme 
Curie found a greater effect in pitch^blende than its contents of 
uranium waiTanted, and, led by the radio-active property alone, they 
succeeded, by a long series of chemical separations, in isolating com- 
pounds of a new and intensely rtidio-active substance which they 
named radium. 

Radium resembles barium in its chemical properties, and is pre- 
cipitated with barium in the ordinary course of chemical analysis. 
It is separated by a prolonged course of successive crystallisation, the 
chloride of radium being less soluble than that of barium, and there- 
fore sooner separated from an evaporating solution. lYhen isolated, 
radium chloride has a composition, which, on the assumption that 
one atom of metal combines with two of chlorine as in barium 
chloride, indicates that the relative weight of the atom of radium 
is about 225, As thus prepared, radium is a well-marked chemical 
element, forming a series of compounds analogous to those of 
barium and showing a characteristic line spectrum. But, unlike 
most other chemical elements, it is intensely radio-active, and 
produces effects some two million times greater than those of 
uranium. 

In 1899 E. Rutherford, then of Montreal, discovered that the 
radiation from uranium, thorium and radium was complex ^ Three 
types of rays were soon distinguished. The first, named by Rutherford 
tt-rays, are absorbed by thin metal foil or a few centimetres of air. 
When examined by measurements of the deflections caused by 
magnetic and electric fields, the a-rays are found to behave as would 
positively electrified particles of the magnitude of helium atoms 
possessing a double ionic charge and travelling with a velocity about 
one-tenth that of light. The second or ^ tjq}e of radiation is much 
more penetrating. It will pass through a considerable thickness of 
metallic foil, or many centimetres of air, and still afiect photographic 
plates or discharge electroscopes. Magnetic and electric forces 
deflect ^-rays much more than o£-rays, indicating that, although the 

^ Butherford, Itadio-actwity (2nd edit,), Canabridge, 190S. 
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speed is greater, approaching in some cases within five per cent that 
of lightj the mass is very much less. The ^-rays must be streams of 
particles, identical with those of cathode rays, possessing the minute 
mass of J. J. Thomson's corpuscle, some eight-hundredth part of that 
of a hydrogen atom* A third or 7 type of radiation was also detected 
More penetrating even than /S-rays, the 7-rayB have never been 
deflected by any magnetic or electric force yet applied Like 
Rdntgen rays, it is probable that 7-rays are wave-pulses in the 
liuninifcrous aether, though the possibility of explaining them as 
flights of non-electrifled particles is before the minds of some 
physicists. 

Still another kind of radiation has been discovered more recently 
by Thomson, who has found that in high vacua, rays become apparent 
which are absorbed at once by air at any ordinary pressure. 

The emission of all these different types of radiation involves a 
continual drain of energy from the radio-active body* When M. and 
Mme Curie had prepared as much as a gramme of radium chloride, 
the energy of the radiation l>ecame apparent as an evolution of heat. 
Tlie radium salt itself, and the case containing it, absorbed the major 
part of the radiation, and were thus maintained at a temperatirre 
measureably higher than that of the surroundings* The rate of 
thermal evolution was such that it appeared that one gramme of 
pure radium must emit about 100 gramme-calories of heat in an hour. 
This observation, naturally as it follows ironi the phenomena pre- 
viously discovered, first called attention to the question of the source 
of the energy which maintains indefinitely and without apparent 
diminution the wondei'ful stream of radiation proceeding from a 
radio-active snbstanca In the solution of this problem lies the 
point of the present essay* 

In order to appreciate the evidence which bears on the question 
we must now^ describe tw^o other series of phenomena. 

It is a remarkable fact that the intensity of the radiation from a 
radio-active body is independent of the external conditions of tem- 
perature, pressure, etc. which modify so profoundly almost all other 
physical and chemical processes* Exposure to the extreme cold of 
liquid air, or to the gi'eat heat of a furnace, leaves the radio-activity 
of a siilBtance unchanged, apparent exceptions to this statement 
having been traced to secondary causes* 

Then, it is found that radio-activity is always accompanied by some 
chemical change; a new substance always appears as the parent 
substance emits these radiations* Thus by chemical reactions it is 
possible to sejjarate from uranium and thorium minute quantities 
of radio-active materials to which the names of iiranium-X and 
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thoritim-X have been given. Thoflo boflien liehave rUftbrently fmin 
their parentH iimniiitn anrl thnriiim, and Hhow all the iiigni of dktinci 
chemical indi vidiialtty* They arc utrongly mdio-active, while^ after the 
neparatiofi^ the parents uranium and thorium are fomid to have lout 
•onie of their radio-actirity. If the X-aubHtaiices be kefiC, their radio- 
activity decaya, while tlmt of the uranium or thorium fmm which they 
were obtained gradually idaeii to the initial value it had before the 
ieparation. At any mometii, the tmm of the radio-activity in coiiHlantp 
the activity Icnit by the product being equal to that gained by the 
parent mihatance. Thcfie phenomena arc explained if we ^iipjioao 
that the X-prcMliict iR slowly ])rofliicofl in the RiilBtance of the jMirent, 
mid docayH at a coimtiuit rate. Uranium, m iiwially weoii, con tains 
a certain anioimt of itratiiiini-X, and its mdio-activity cotiRista of two 
|)arta — that of the unuiititn itself am! that of the X prmiuel When 
the latter in separated by means of its chemical reactions, its radio- 
activity is aeimratcd also, and the rates of decay and recorery may he 
examined. 

Radium and thorium, but not uranium, give rise to radio-active 
gases whidi have been caJkd emanations. Rutherford has shown 
that their radio-activity, like that of the X {iroductii, suffers decay, 
while Uie walls of the ressel in which the emanation is confined, 
l>oconie themselves radio-activa If washed with certain acids, how- 
ever, the walls lose their activity, which in trmisforrod the ucid, 
aiul can Im deijosited by evaporation from It on to a solid surface. 
Here again it is clear that the emanation gives rise to a mf Mo-active 
siilMtance which clings to the walls of the vesael, and is soluble 
in certain liquids, but not in othcra 

We shall return to this point, and trace lartber the history of 
the radio-active matter. At present we wish to etn|ikaiiise the fiut 
that, as in other casoi, the radio-activity of the efuanation is accom- 
panied by the appearance of a new kind of substance with distinct 
chemical pro|ierticK. 

We are now iti a jMisition to consider as a whole the evidetioe on 
tlio question of the wnirco of mdio-activ© energy, 

(1) Hiiflio-activity iw accomimuied by the ap[>eamnco of new 
chemicni sulmtiincea The etiergj^ liliemtiHl is thert^fore prolmbly 
due to the associated chemical change. (2) The activity of a series 
of comfiouiHLi is found to aecomfiany the jiresctice of a radio-active 
element, the activity of each compound depends only on the contents 
of the elfunetil, and is independent of the nature of its cofnbination. 
Thus radio-activity is a property of the eletnetit, and is not affected 
by its state of taolation or cheinkml comhtnatiofL (3) The radio- 
activity of a simple transient firoduct decays in a gwoietrical pro- 
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gression, the loss per second being proportional to the mass of 
substance still left at the moment^ and independent of its state of 
concentration or dilution. This type of reaction is well known in 
chemistry to mark a mono-molecular chauge^ where each molecule 
is dissociated or altered in structure independently. If two or more 
molecules were concerned simultaneouslyj the rate of reaction would 
depend on the nearness of the molecules to each otherj that is, to 
the concentration of the material, (4) The amount of energy liberated 
by the change of a given mass of material far transcends the amount 
set free by any known ordinary chemical action. The activity of 
radium decays so slowly that it would not sink to half its initial 
value in less than some two thousand years, and yet one gramme of 
radium emits about 100 caloric of heat duiing each hour of its 
existence. 

Tlie energy of radio-activity is due to chemical change, but clearly 
to no chemical change hitherto familiar to science. It is an atomic 
property, characteristic of a given element, and the atoms imdergo 
the change individually, not by means of interaction among each 
other. The conclusion is irresistible that we arc dealing with a 
fundamental change in the structure of the individual atoms, which, 
one by one, are dissociating into simpler parts. We are watching the 
disuitegratiou of the “atoms” of the chemist, hitherto believed in- 
destructible and eternal, and measuring the liberation of some of the 
long-suspccted store of internal atomic energy. We have stumbled 
on the transmutation dreamed by the alchemist, and discovered the 
process of a veritable evolution of matter. 

The transmutation theory of radio-activity was formulated by 
Rutherford^ and Soddy in 1903, By its light, all iccent work on the 
subject has been guided ; it has stood the supreme test of a hypo- 
thesis, and shown power to suggest new investigations and to co- 
oT‘dinate and explain them, when carried out We have summarised 
the evidence which led to the conception of the theory; we have now 
to consider the progress which has been made in tracing the successive 
disintegration of radio-active atoms. 

Soon after the statement of the transmutation theory, a striking 
verification of one of its consequences appeared. The measurement 
of the magnetic and electric deflection of the arrays suggested to 
Rutherford the idea that the stream of projectiles of which they 
consisted was a flight of helium atoms, Ramsay and Soddy, confining 
a minute bubble of radium emanation in a fine glass tube, were able 
to watch the development of the helium spectrum as, day by day, the 



^ liutherford, Radio-activity (2nd edit,), Cambridge, 1905, p, ii07. 
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einHiiation decayed. By molating a very narrow pencil of a-ray«, a!id 
watcliing through a microBCope their impact on a fluoroBCctit Hcreeii, 
Rutheiford htw lately counted the iudiridual a-projectile«, and con- 
firmed hin original conclusion that their mass corresponded to that of 
helium atoms and their charge to double that on a uniraleiit ab>tnh 
Still iiiore receiitly, he has collected the a-particles shot through an 
extremely thin wall of glass, and demonstrated by direct spectroscopic 
evidence the presence of helium I 

But the most thorough investigation of a radio-active pedigree is 
found in Rutherford s classical researches on the succe^ive disinte- 
gration piHKliicts of radium. In order to follow the evidence on 




Time tn Daus 



Pift. 1- 



wtiich hu roMulta are founded, we must d^cribe more fully the 
procem of decay of the activity of a simple radio-active suhetauce. 
The decay of activity of the body known as uraniuni-X is shown in 
the lallinf; curve of Fig. l. It will be seen that, in each successive 
22 days, the activity falls to half the value it possessed at the 
befcinninfi;. 

This change in a geometrical progression is cluu'acteriBtic of simple 
radio-active processes, and can be expressed mathematically by a 
simple exponential formula. 

As we have said above, solid bodies exposed to the emanations of 

> PfW. Roy. Soe. A, p. 14X, 1908. 

• PMl Mag. Peb. 1909. 
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radium or thorium become coated witli a radio-active deposit. The 
rate of decay of this activity depends oo tlic time of exposure to 
the emanation, and does not always show the usual simple type of 
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curve. Thus the activity of a rod exposed to radium emanation for 
1 minute decays in accordance with tlic curve of Fig. 2 , which 
represents the activity as measured by the a-rays. If tlie electro- 
scope be screened from the a-rays, it is found that the activity of the 
rod in and 7 -rays increases for some 35 minutes and then diminishes. 
(Fig. 3.) 

Tliese complicated relations have been explained satisfactorily 
and completely by Rutherfoiti on the hypothesis of successive changes 
of the radio-active matter into one new body after another^. The 
experimental curve represents the resultant activity of all the matter 
present at a given moment, and the process of disentangling the 
component effects consists in finding a number of curves, which 
express the rise and fall of activity of each kind of matter as it is 
produced and decays, and, fitted together, give the curve of the 
experiments. 

Other methods of investigation also are open. They have enabled 
Rutherford to complete the life-history of radium and its products, 
and to clear up doubtful points left by the analysis of the curves. 
By the removal of the emanation, the activity of radium itself has 
been shown to consist solely of a-rays. This removal can be 
effected by passing air through the solution of a radium salt The 
emanation comes aw'ay, and the activity of the deposit wliich it 
leaves behind decays rapidly to a small fraction of its initial 
value. Again, some of the active deposits of the emanation are 
more volatile than others, and can be separated from them by the 
agency of heat. 

From such evidence Rutherford has traced a long series of dis- 
integration products of radium, all but the first of which exist in 
much too minute quantities to be detected otherwise than by their 
radio-activities. Moreover, two of these products are not them- 
selves appreciably radio-active, though they are born from radio- 
active parents, and give rise to a series of radio-active descendants. 
Their presence is inferred from such evidence as the rise of and 7 
radio-activity in the solid newly deposited by the emanation ; this 
rise measuring the growth of the first radio-active offspring of one of 
the non-active bodies. Some of the radium products give out a-rays 
only, one j9- and 7 -rays, while one yields all three types of radiation. 
The pedigree of the radium family may be expressed in the following 
tabic, the time noted in the second column being the time re- 
quired for a given quantity to be half transfoianed into its next 
dcrivativa 



^ Rutht!Ji‘ford, Madio-activity (2nd edit p), CRmbridge^ 1905 j p, B70. 
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Of these products, A, B, and C constitute that part of the active 
deposit of the emanation which snflfcrB rapid decay and nearly dis- 
appears in a few hours, Radiuin-D, continually producing its short- 
lived descendants E and F, remains for years on surfaces once exposed 
to the emanation, and makes delicate radio-active researches im- 
possible in laboratories which have been contaminated by an escape 
of radium emanation, 

A somewhat similar pedigree has been made out in the case of 
thorium. Here thorium-X is interpe^ied between thorium and its 
short-lived emanation, which decays to half its initial quantity in 
64 seconds. Two active deposits, thorium A and B, arise successively 
from the emanation. In uranium, we have the one obvious derivative 
uranium-X, and the question remains whether this one descent can 
be connected with any other individual or family. Uranium is long- 
lived, and emits only a-rays. Uranium-X decays to half value in 
‘22 days, giving out and 7 -raya Since our evidence goes to show 
that ra<lio-activity is generally accompanied by the production of new 
elements, it is natural to search for the substaiico of uninium-X in 
other fonns, and perhaps under other names, rather than to surrender 
immediately our belief in the conaervation of matter. 
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With this idea in mind we see at once the significance of the con- 
stitution of uranium minerals. Formed in the remote antiqiiitj of 
past geological ages, these minerals must become store-houses of all 
the products of uranium except those which may have escaped as 
gases or possibly liquids. Even gases may be expected to some 
extent to be retained by occlusion. Among the contents of uranium 
minerals, then, wc may look for the descendants of the parent 
uranium* If the descendants are permanent or more long-lived than 
uranium, they will accumulate continually* If they are ^ort-lived, 
they will accumulate at a steady rate till enough is formed for the 
quantity disintegrating to be equal to the quantity developed* A 
state of mobile equilibrium will then be reached, and the amount of 
the product will remain constant. This constant amount of substance 
will depend only on the amount of uranium which is its source, and, 
for different minerals, if all the product is retained, the quantity of 
the product will be proportional to the quantity of uranium. In a 
series of analyses of uranium minerals, therefore, we ought to be able 
to pick out its more short-lived descendants by seeking for instances 
of such proportionality* 

Now radium itself is a constituent of uranium minerals, and 
two series of experiments by li J, Strutt and B. B, Boltwood have 
shown that the content of radium, as measured by the radio-activity 
of the emanation, is directly proportional to the content of 
uranium^* In Boltwood's investigation, some twenty minerals, with 
amounts of uranium varying from that in a specimen of uraninite 
with 74'Ofi per cent., to that in a monazite with 0*30 per cent, gave a 
ratio of uranium to radium, constant within about one part in ten. 

The conclusion is irresistible that radium is a descendant of 
uranium, though whether uranium is ite parent or a more remote 
ancestor requires further investigation by the radio-active genea- 
logist* On the hypothesis of direct parentage, it is easy to calculate 
that tlie amount of radium produced in a month by a kilogramme of a 
uranium salt would be enough to be detected easily by the radio- 
activity of its emanation* Tlie investigation has been attempted by 
several observers, and the results, especially those of a careful ex- 
periment of Boltwood, show that fi^om purified uranium salts the 
growth of I'adium, if appreciable at all, is much less than w*ould be 
found if the radium was the first product of change of the uranium. 
It is necessary, therefore, to look for one or more intermediate 
substances. 

While working in 1899 with the uranium residues used by M. and 
Mme Curie for the preparation of radium, Debierae discovered and 

^ Strutt, Ptoc. Roy. 8oc. Peb, 1905; Boltvrac>d, Phil. Mag. April, 1905. 



(c) The Complete Work of Charles Darwin Online 



Final Products 



579 



partially separated another radio-active element which he called 
actinium* It gives rise to an intermediate product actinium-X, 
which yields an emanation with the short half-life of seconds. 
The emanation deposits two successive disintegration products ac- 
tinium-A and actioium-B. 

Evidence gi^adually accumulated that the amounts of actinium in 
radio-active minerals were, roughly at any rate, proportional to the 
amounts of uranium. This result pointed to a lineal connection 
between them, and led Boltwood to undertake a direct attack on the 
problem. Separating a quantity of actinium from a kUogramnie of 
ore, Boltwood observed a growtli of 8*5 x 10“® gramme of radium in 
1D8 days, agreeing with that indicated by theory within the limits 
of experimental errors We may therefore insert provisionally 
actinium and its series of derivatives between m'anium and radium 
in the radio-active pcdigi'ee. 

Turning to the other end of the radium series we are led to ask 
what becomes of radium-F when in turn it disintegrates? ^Tiat is 
the final non-active product of the series of changes we have traced 
from uranium through actinium and radium ? 

One such product has been indicated above* The a-ray particles 
appear to possess the mass of helium atoms, and the growth of helium 
has been detected by its spectrum in a tube of radium emanation. 
Moreover, helium is found occluded in most if not all radio-active 
minerals in amount which approaches, but never exceeds, the 
quantity suggested by theoiy. We may safely regard such helium 
as foraied by the accumulation of a-ray particles given out by succes- 
sive radio-active changes. 

In considering the nature of the residue left after the expulsion 
of the five a-particles, and the consequent passage of radium to 
radium-F we are faced by the fact that lead is a general constituent 
of uranium minerals. Five a-particles, each of atomic weight 4, 
taken from the atomic weight (about 225) of radium gives 205 — a 
number agreeing fairly well with the 207 of lead. Since lead is more 
permanent than uranium, it must steadily accumulate, no radio-active 
equilibrium will be reached, and the amount of lead will depend on 
the age of the mineral as well as on the quantity of uranium present 
in it. In primary minerals from the same locality, Boltwood has 
shown that the contents of lead are proportional to the amounts of 
uranium, while, accepting this theory, the age of minerals with a given 
content of uranium may be calculated from the amount of lead they 
contain. The results vary from 400 to 2000 million years 



^ Am^rica^n Jimrnal of Science, Deoembert 1906, 

® Am^iciin Journal of Scimee^ October, 1905, and February, 1907. 
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We can now exhibit in tabular form the amazing pedigree of 
radio-active change shown by this one family of elemeiita An im- 
mediate descent is indicated by while one which may either 1x5 
immediate or involve an intermediate step is shown by - . 
No place is found in this pedigree for thorium and its derivatives. 
They seem to form a separate and independent radio-active family. 
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As soon as the transmutation theory of radio-activity w as accepted, 
it became natural to speculate about the intimate structure of the 
radio-active atoms, and the mode in which they broke up with the 
liberation of some of their store of internal energy^ How could we 
imagine an atomic structure which would persist unchanged for long 
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periods of time, and yet eventually spontaneously explode, aa here an 
atom and there an atom reached a condition of instability? 

The atomic theory of corpuscles or electrons fortunately was ready 
to be applied to tins new problem. Of the resulting speculations the 
most detailed and suggestive is that of J. J* Thomson \ Thomson 
regards the atom as composed of a number of mutually repelling 
negative corpuscles or electrons held together by some central attrac- 
tive force which he represents by supposing them immersed in a 
uniform sphere of positive electricity. Under the action of the two 
forces, the electrons space themselves in symmetrical patterns, which 
depend on the number of electrons. Three place themselves at the 
corner of an eqiiilateral triangle, four at those of a square, and five 
form a pentagon. With six, however, the single ring becomes un- 
stable, one corpuscle moves to the middle and five lie round it. But 
if we imagine the system rapidly to rotate, the centrifugal force 
would enable the six corpuscles to remain in a single ring. Thus 
inteiTial kinetic energy would maintain a configuratiou which would 
become unstable as the energy drained away. Now in a system of 
electrons, electromagnetic radiation would result in a loss of energy, 
and at one point of instability wo might well have a sudden spon- 
taneous redistributioii of the constituents, taking place with an 
explosive violence, and accompanied by the ejection of a corpuscle 
as a ^-ray, or of a large fragment of the atom as an ot-ray. 

The discovery of the new property of radio-activity in a small 
number of chemical elements led physicists to ask whether the 
property might not be found in other elements, though in a much less 
sti'iking form. Are ordinaiy materials slightly radio-active? Does 
the feeble electi'ic conductivity always observed in the air contained 
within the w^alls of an electroscope depend on ionising radiations 
from the material of the walls themselves ? The question is very 
difficult, owing to the wide distribution of slight traces of radium. 
Contact with radium emanation results in a deposit of tlie fatal 
radiuni-D, which in 40 years is but half removed. Is the natural ” 
leak of a brass electroscope due to an intrinsic radio-activity of brass, 
or to traces of a radio-active impurity on its surface? Long and 
laborious researches have succeeded in establishing the existence of 
slight intrinsic radio-activity iu a few^ metals such as potassium, and 
have left the wider problem still unsolved. 

It should be noted, however, that, even if ordinary elements are 
not radio-active, they may still be undergoing spontaneous disintegra- 
tion. The detection of ray-less changes by Kutherford, when those 

^ Phil. Mag. Maich^ 1904. 
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changes are interposed between two radio-active transformations 
which can be followed^ show that spontaneous transmutation is 
possible without measureable odio-activity. And^ indeed, any theory 
of disintegration, such as Thomson's corpuscular h}^>othesiB, would 
suggest that atomic rearrangements are of much more general occur- 
rence than would be apparent to one who could observe them only 
by the effect of the projectiles, which, in special cases, owing to some 
peculiarity of atomic configuration, happened to be shot out with 
the enormous velocity needed to ionize the surrounding gaa No 
evidence for such ray-less changes in ordinary elements is yet known, 
l>erhaps none may ever bo obtained ; but the possibility should not 
be forgotten. 

In the strict sense of the word, the process of atomic disintegra- 
tion revealed to us by the new science of radio-activity can hardly 
be called evolution. In each case radio-active change involves the 
breaking up of a heavier, more complex atom into lighter and 
simpler fragments. Arc we to regard this process as characteristic 
of the tendencies in accord with which the univei*se has reached its 
present state, and is passing to its unknown future? Or have we 
chanced upon an eddy in a backwater, opposed to the main stream of 
advance? In the chaos from which the present universe developed, 
was matter composed of large highly complex atoms, which have 
formed the simpler elements by radio-active or ray-less disintegia- 
tion ? Or did the primaeval substance consist of isolated electrous, 
which have slowly come together to form the elements, and yet have 
left here and there an aTiomaly such as that illustrated by the 
unstable family of uranium and radium, or by some such course are 
returning to their state of primaeval simplicity? 
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